

10/5?.88A9 

i JC06 fiec'd PCT/PTO 2 3 MAR 2003" 



DESCRIPTION 



IMAGE DISPLAY DEVICE AND PROJECTION OPTICAL SYSTEM 



5 



Technical Field 

This invention relates to an image display device that 
is used in proximity to at least one of eyes and a projection 
optical system that is arranged in front of at least one 
10 of the eyes of a user and projects an image on the eyeball 
of the user. 

Background Art 

As an image display device, there are many image devices 

15 available on the market like a TV, PC, Projector, video 
camera, cellular phone etc, but there is a limit to a size 
in these conventional image display devices, so an image 
of a wide area that human eyes are actually able to see 
cannot be obtained from these image display devices. 

20 Further, as a portable image display device, an 

eyeglass-type image display and head-mounted image display 
devices that are called a wearable display device have 
been known. 

As for the wearable image display, as shown in FIG. 40, 
25 a method in which small half mirror 40 is arranged at a 
portion of field of view and an image output from image 
output element 39 such as a plasma display device, LCD 
etc is deflected by half mirror 40 via projection optical 
system 38, and the image is projected on a retina has been 
30 known. This is a method that uses the half mirror, so that 
the image output from image output element 39 looks like 
floating on a portion of field of view (a first type) . 
However, as for a viewing angle, only an order of a few 
degrees is obtainable, so that this method is a candidate 
35 for use in displaying information of a screen of the cellular 
phone etc. 



Also, as for a method for getting a little bit larger 
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image information than that of the cellular phone, there 
is a method as shown in FIG. 6 (b) in which an image output 
from image output element 39 is projected on the retina 
of the eyeball via a plurality of reflection surfaces and 
5 projection optical system 42 by arranging large optical 
element 41 in front of at least one of eyeballs. 

In such the method, a relatively large viewing angle 
(order of 15-30 degrees) is obtained, but only an image 
display device of which field of view is completely shielded 

10 has been proposed. Thus, a second-type image display 
device that is arranged detachably in front of one eye 
of two eyes and used as an image display device of a wearable 
PC and a third-type image display device in which a same 
image display device is separately arranged with respect 

15 to both eyes and used instead of a TV and projector have 
been proposed. 

The foregoing three types of the image display device 
have been expected as a wearable image display device in 
place of the cellular phone , note-size PC, TV and pro j ector 

20 of the prior art. In fact, these image display devices 
have an advantage in '"wearable", but a size of field of 
view of them is actually not very different from one of 
the conventional display devices and, when considering 
difficulty in wearing, eyestrain due to a blocked field 

25 of view, a weight mounted over ears and head etc, they 
have a shortcoming that these disadvantages are 
conspicuous . 

This invention is made in view of these circumstances 
and an object of this invention is to provide an image 
30 display device that is wearable or usable in proximity 
to at least one of eyes having a large viewing angle close 
to field of view with which a user sees, and a projection 
optical system that is arranged in front of user' s eyes 
and projects an image on the eyeball. 

35 

Disclosure of Invention 

A first invention for achieving the above object is an 
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image display device that includes an optoelectric element 
of emitting light in a two-dimensional way having a display 
surface orthogonal to a direction of emitted light flux 
and a fisheye-type optical system that projects light flux 
5 emitted from the optoelectric element inside at least one 
of eyeballs of a user and has an angle of field of view 
of 60 degrees and over, wherein the image display device 
is worn in front of the eyeball and the fisheye-type optical 
system forms an intermediate image and a closest optical 

10 element of optical element arranged toward the eyeball 
from a position of forming the intermediate image to the 
eyeball is an aspherical optical element of a single lens 
element and a far surface shape of the optical element 
from the eyeball has a aspherical shape of a Conic surface 

15 such that the light flux entering a pupil of the eyeball 
enters a far surface of the optical element from the eyeball 
approximately at right angles and a Conic coefficient of 
the Conic surface is -1 and less. 

A second invention for achieving the above object is the 

20 fisheye-type optical system set forth in the first 

invention, wherein a second optical element of optical 
elements constituting the image display device from the 
eyeball is made up of a single lens element and a surface 
shape of a far surface of the optical element from the 

25 eyeball has a shape such that the light flux entering the 
pupil of the eyeball enters a far surface of the optical 
element from the eyeball approximately at right angles. 

A third invention for achieving the above object is the 
image display device set forth in any of the first or second 

30 invention, wherein the fisheye-type optical system has 
a first lens group that includes a relay optical system, 
and an eyepiece lens system. that projects the intermediate 
image formed by the first lens group inside the eyeball. 
A fourth invention for achieving the above object is the 

35 image display device set forth in the third invention, 
wherein the first lens group includes at least one or more 
aspheric optical element and over. 



A fifth invention for achieving the above object is the 
image display device set forth in any of the third or fourth 
invention, wherein the first lens group includes at least 
one curved mirror that corrects telecentricity . 
5 A sixth invention for achieving the above object is the 
image display device set forth in any of the first through 
fifth inventions, wherein the image display device 
includes an image composite device that composites first 
image information and second image information different 
10 from the first image information and outputs information 
of the composite image to the optoelectric element. 

A seventh invention for achieving the above object is 
the image display device set forth in the sixth invention, 
wherein the image composite device includes a function 
15 that, when light flux emitted from the optoelectric element 
is influenced by distortion produced by the f isheye-type 
optical system, implements image process of giving 
distortion to at least one of the first image information 
and the second image information beforehand to correct 
20 the distortion such that a faithful image can be projected. 

An eighth invention for achieving the above object is 
the image display device set forth in any of the sixth 
through eighth inventions, wherein the image composite 
device includes an image composite device controller that 
25 controls information of the composite image to be output 
to the optoelectric element such that an area of compositing 
at least one of the first image information and the second 
image information, and another image information does not 
overlap beyond a predetermined area. 
30 A ninth invention for achieving the above object is the 
image display device set forth in any of the sixth through 
eighth inventions, wherein at least one of the first image 
information and the second image information includes at 
least one of information output from a video image, a DVD 
35 image and a high vision image. 

A tenth invention for achieving the above object is the 
image display device set forth in the sixth through ninth 



inventions, wherein at least one of the first image 
information and the second image information includes 
image information output from a processing computing 
device . 

A eleventh invention for achieving the above object is 
the image display device set forth in the tenth invention, 
wherein the processing computing device is connected with 
a keyboard to enter desired information into the processing 
computing device and the image output information includes 
information input to the keyboard. 

A twelfth invention for achieving the above object is 
the image display device set forth in the eleventh invention, 
wherein the keyboard is a portable keyboard attached to 
a hand. 

A thirteenth invention for achieving the above object 
is the image display device set forth in the twelfth 
invention, wherein the portable keyboard includes an 
electromagnetic element attached to a thumb and an 
electromagnetic detecting sensor attached to other fingers , 
and further includes a control device that recognizes 
information of a distance and direction between the thumb 
and the other fingers from a state of an electromagnetic 
field detected by the electromagnetic detecting sensor 
and gives a specific sign corresponding to the information 
of the distance and direction. 

A fourteenth invention for achieving the above object 
is the image display device set forth in the twelfth 
invention, wherein the portable keyboard includes a 
pressure detecting sensor that is attached to each finger 
and a control device that gives a specific sign on a basis 
of information of each finger's pressure detected by the 
pressure detecting sensor. 

A fifteenth invention for achieving the above object is 
the image display device set forth in the tenth invention, 
wherein the processing computing device converts a voice 
sound or a non-voice sound input to a microphone or a 
headphone into a specific sign corresponding to the sound 
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and outputs an image in correspondence to the specific 
sign as the image output information. 

A sixteenth invention for achieving the above object is 
the image display device set forth in any of the first 
5 through fifteenth inventions, wherein the fisheye-type 
optical system includes an optical image composite device 
that optically composites a plurality of images output 
from a plurality of optoelectric elements and projects, 
and forms a plurality of images on the retina inside the 
10 eyeball . 

A seventeenth invention for achieving the above object 
is the image display device set forth in the sixth invention, 
wherein the optical image composite device includes an 
optical zoom device that has a variable magnification of 

15 at least 2X and over with respect to a single image, and 
an optical image composite device controller that controls 
the optical zoom device such that an area of compositing 
the single image and other image does not overlap beyond 
a predetermined area. 

20 A eighteenth invention for achieving the above object 
is an image display device for both eyes, wherein the image 
display device set forth in any of the first through 
seventeenth inventions is separately arranged to a right 
eyeball and a left eyeball respectively and further 

25 includes an adjustment device that is capable of adjusting 
a space between each fisheye-type optical system of right 
and left eyeballs corresponding to a space between eyeballs 
of the user. 

A nineteenth invention for achieving the above object 
30 is an image display device for both eyes, wherein the image 
display device set forth in any of the first through 
seventeenth inventions includes a splitting optical system 
that splits light flux emitted from one of the optoelectric 
elements into a plurality of light flux and the fisheye-type 
35 optical system that is separately arranged every each split 
light flux, and further includes an adjustment device that 
is capable of adjusting a space between each fisheye-type 
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optical system corresponding to a space between eyeballs 
of the user. 

A twentieth invention for achieving the above object is 
the image display device set forth in any of the first 
5 through seventeenth inventions, wherein the image display 
device is arranged to at least one of a right eyeball and 
a left eyeball 

A twenty-first invention for achieving the above object 
is an image display device for both eyes, wherein the image 

10 display device set forth in any of the first through 

seventeenth inventions includes both of the optoelectric 
element and the f isheye-type optical system respectively 
and an image splitting/image composite optical device that 
splits each light flux emitted from the two optoelectric 

15 elements for a right eyeball and a left eyeball and 

composites the split light flux emitted from a different 
optoelectric element for the right eyeball and the left 
eyeball respectively, and a switching member that switches 
the image splitting/image composite optical systembetween 

20 a state of an in-operation and a state of an out-of -service . 

A twenty-second invention for achieving the above obj ect 
is the image display device set forth in any of the first 
through twenty-first inventions and further includes at 
least one of an earthquake detecting sensor, a level 

25 measurement/level adjustment device and a fixed device. 

A twenty-third invention for achieving the above object 
is the image display device set forth in any of the first 
through twenty-second inventions that further includes 
a timer device, and a movement device that moves the image 

30 display device in accordance with a timer device or an 
output of the timer device. 

A twenty-fourth invention for achieving the above object 
is the image display device set forth in any of the first 
through twenty-third inventions, wherein an angle of 

35 divergence of light flux traveled from the intermediate 
image to the eyeball from the intermediate image has a 
larger angle than a scope of varying angles of incidence 
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of all principle rays passing through a centre of a pupil 
of the eyeball upon the surface of forming the intermediate 
image when a position of a pupil of the eyeball varies 
due to a lateral shift of the eyeball. 
5 A twenty-fifth invention for achieving the above object 
is the image display device set forth in any of the first 
through twenty-fourth inventions that further includes 
a light diffusion element of diffusing light at a position 
of forming the intermediate image or in proximity to its 
10 position. 

A twenty-sixth invention for achieving the above object 
is the image display device set forth in the twenty-fifth 
invention, wherein the light diffusion element is a 
transparent diffusion substrate coated on a transparent 
15 substrate with a particle of a metal oxide or a metallic 
carbide with a particle diameter controlled by an order 
of a micron. 

A twenty-seventh invention for achieving the above object 
is the image display device set forth in the twenty-sixth 

20 invention, wherein the particle is at least one of silicon 
carbide, chromic oxide, tin oxide, titanium oxide, 
magnesium oxide and aluminum oxide and the transparent 
diffusion substrate is a polyester film. 

A twenty-eighth invention for achieving the above object 

25 is the image display device set forth in any of the first 
through twenty-seventh inventions, wherein a part of the 
image display device is capable of being placed at a contact 
with a face of a user and further at least the optoelectric 
element and the f isheye-type optical system are supported 

30 by a supporting member rather than a user and its supporting 
member supports an unit including the optoelectric element 
and the fisheye-type optical system movably in response 
to a movement of a user's face. 

A twenty-ninth invention for achieving the above object 

35 is the image display device set forth in the twenty-eighth 
invention, wherein the supporting member is capable of 
moving around toward directions of six axes at will. 
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A thirtieth invention for achieving the above object is 
the image display device set forth in any of the 
twenty-eighth through twenty-ninth inventions, wherein 
a position of centre of gravity of the image display device 
5 or its proximity to the position is supported by the 
supporting member. 

A thirty-first invention for achieving the above object 
is the image display device set forth in any of the 
twenty-eighth through thirtieth inventions, wherein the 

10 supporting member includes a plurality of articular 

structures members and weight members, and a flexible 
linking member that links the unit including the 
f isheye-type optical system and the optoelectric element 
to the weight member, and a holding member that is arranged 

15 at the articular structure and holds the linking member, 
wherein the linking member has low friction against a 
movement of the linking member. 

A thirty-second invention for achieving the above object 
is the image display device set forth in any of the first 

20 through thirty-first inventions that further includes a 
reducing device of a sickness in Virtual Environment that 
detects an image of a moving landscape like a flowing 
landscape and processes the image such that the image looks 
still during a predetermined period of time. 

25 A thirty-third invention for achieving the above object 
is the image display device set forth in the thirty-second 
invention that further includes a selection device that 
selects use or non-use of the reducing device of the sickness 
in Virtual Environment. 

30 A thirty-fourth invention for achieving the above object 
is the image display device set forth in any of the 
thirty-second or thirty-third invention, wherein the 
reducing device of the sickness in Virtual Environment 
divides the image into an edge image block and a centre 

35 image block and computes an amount of a lateral shift in 
an image within each block during a predetermined period 
of time and judges that there is a hand shake or a lateral 
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movement of an screen when an image of the edge image block 
and an image of the centre image block shift toward the 
same direction, and processes an image in such a way that 
makes a whole screen thereof look still by shifting the 
5 entire image by the same amount as a movement amount toward 
a direction opposite a direction of a moving image such 
that an image does not move laterally during a predetermined 
period of time. 

A thirty-fifth invention for achieving the above object 

10 is a projection optical system that is arranged in front 
of a user and projects an image on an eyeball of a user, 
and has an angle of view of 60 degrees and over, wherein 
a closest optical element of optical elements constituting 
the projection optical system to the eyeball is an 

15 aspherical optical element of a single lens element and 
a far surface shape of the optical element from the eyeball 
has an aspherical shape of a Conic surface such that the 
light flux incident upon a pupil of the eyeball enters 
a far surface of the optical element from the eyeball 

20 approximately at right angles and a Conic coefficient of 
the Conic surface is less than -1. 

A thirty-sixth invention for achieving the above object 
is the projection optical system set forth in the 
thirty-fifth invention, wherein a second optical element- 

25 of optical elements constituting the projection optical 
system from the eyeball is made up of a single lens element 
and a far surface shape of the optical element from the 
eyeball has a shape such that the light flux incident upon 
a pupil of the eyeball enters a far surface of the optical 

30 element from the eyeball approximately "at right angles. 

A thirty- seventh invention for achieving the above object 
is the projection optical system set forth in the 
thirty-fifth invention, wherein the aspherical optical 
element is arranged at a position closest to the eyeball. 

35 A thirty-eighth invention for achieving the above object 
is the projection optical system set forth in any of the 
thirty-fifth^ through thirty-seventh inventions, wherein 
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an angle of divergence of light flux traveled from the 
image to the eyeball from the image is larger than a scope 
of varying angles of incidence of all principle rays passing 
through a centre of a pupil of the eyeball upon the surface 
5 of forming the image when a position of a pupil of the 
eyeball varies due to a lateral shift of the eyeball. 

A thirty-ninth invention for achieving the above object 
is an image display device that includes an optoelectric 
element of emitting light in a two-dimensional way having 

10 a display surface orthogonal to a direction of emitted 
light flux and a f isheye-type optical system that projects 
the light flux emitted from the optoelectric element inside 
at least one of eyeballs of a user and has an viewing angle 
of 60 degrees and over, wherein the image display device 

15 is worn in front of the eyeball and the f isheye-type optical 
system forms an intermediate image and a light diffusion 
element is arranged at a position of forming the 
intermediate image or in proximity to the position and 
at least one of optical elements arranged toward the eyeball 

20 from the position of forming the intermediate image is 
an aspherical optical element of which at least one surface 
has an aspherical shape of a Conic surface and the image 
display device further includes a supporting member that 
supports at least the f isheye-type optical system and the 

25 optoelectric element movably so as to follow a user' s 
movement . 

A fortieth invention for achieving the above object is 
an image display device that includes an optoelectric 
element to output image data and projects an image output 

30 from the optoelectric element on a retina inside at least 
one of eyes of a user via at least two reflection surfaces 
with a curved surface, wherein a first reflection surface 
with a curved surface shape that deflects light flux before 
entering an eyeball is a first elliptic mirror and a first 

35 focus point of the first elliptic mirror lies in proximity 
to a crystal ball of an eyeball and a second focus point 
of the first elliptic mirror lies between the first elliptic 
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mirror and a second reflection surface with a curved surface, 
and a flat surface passing through a center of a line linking 
the first and. second focus points orthogonal to the line 
and the reflection surface of the first elliptic mirror 
5 are configured to intersect. 

A forty-first invention for achieving the above object 
is the image display device set forth in the fortieth 
invention, wherein the second reflection surface with the 
curved surface is a second elliptic mirror and an image 

10 on the optoelectric element is configured to be projected 
on the retina inside the eyeball by a correction optical 
system including the second elliptic mirror. 

A forty-second invention for achieving the above object 
is the image display device set forth in any of the 

15 thirty-ninth or fortieth invention, wherein the second 
reflection surface with the curved surface is a second 
elliptic mirror and the position of the second focus point 
of the first elliptic mirror and the position of the first 
focus point of the second elliptic mirror are arranged 

20 so as to be substantially in alignment, and a flat surface 
that passes through a center of a line linking the first 
and second focus points of the second elliptic mirror and 
is orthogonal to the line and the reflection surface of 
the second elliptic mirror are configured to intersect. 

25 A forty-third invention for achieving the above object 
is the image display device set forth in the forty-second 
invention, wherein the first and second focus points of 
the first elliptic mirror and the first and second focus 
points of the second elliptic mirror are arranged so as 

30 to line substantially in a straight line . 

A forty-fourth invention for achieving the above object 
is the image display device set forth in the forty-second 
invention, wherein a fisheye-type optical system is 
arranged on an optical path between the second elliptic 

35 mirror and the optoelectric element. 

A forty-fifth invention for achieving the above object 
is the image display device set forth in the forty-fourth 
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invention, wherein the fisheye-type optical system 
includes a function that supplies light flux including 
image data to an image detection area of the retina due 
to a movement of the crystal ball responsive to a turn 
5 of the eyeball. 

A forty-sixth invention for achieving the above object 
is the image display device set forth in any of the 
forty-second through forty-fifth inventions, wherein a 
correction optical system to correct a position of forming 
10 an image in a direction of an optical axis is arranged 
at a portion where the second focus point of the first 
elliptic mirror and the first focus point of the second 
elliptic mirror are configured to be substantially in 
alignment . 

15 A forty-seventh invention for achieving the above object 
is the image display device set forth in any of the fortieth 
through forty-sixth inventions, wherein curvature of the 
first and second elliptic mirrors are substantially equal . 
A forty-eighth invention for achieving the above object 

20 is the image display device set forth in any of the fortieth 
through forty-seventh inventions, wherein the image 
display device is configured to be arranged to at least 
one of the right eyeball and the left eyeball. 

A forty-ninth invention for achieving the above object 

25 is an image display device made up of two image display 
devices set forth in any of the fortieth through 
forty-seventh inventions, wherein the two image display 
devices are separately arranged to a right eyeball and 
a left eyeball respectively and their positions thereof 

30 are made adjustable corresponding to a space between 
eyeballs . 

A fiftieth invention for achieving the above object is 
the image display device set forth in any of the fortieth 
through forty-ninth inventions, wherein the optoelectric 
35 element is a liquid crystal display device of emitting 
light in a two-dimensional way perpendicular to a direction 
of emitted light flux. 
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A fifty-first invention for achieving the above object 
is an image display device that includes a first 
fisheye-type optical system that projects a predetermined 
wide image on a first optoelectric element of receiving 
5 light in a two-dimensional way perpendicular to a direction 
of receiving light flux, and an optical system that outputs 
image data received by the first optoelectric element from 
a second optoelectric element of emitting light in a 
two-dimensional way perpendicular to a direction of 

10 emitted light flux and projects an image output from the 
second optoelectric element on a retina inside at least 
one of eyeballs via a second fisheye-type optical system 
and a reflection surface with a curved surface. 

A fifty-second invention for achieving the above object 

15 is the image display device set forth in the fifty-first 
invention, wherein the second fisheye-type optical system 
includes a function that supplies light flux including 
image data to an image detection area of the retina due 
to a movement of the crystal ball corresponding to a turn 

20 of the eyeball. 

A fifty-third invention for achieving the above object 
is the image display device set forth in any of the 
fifty-first or fifty-second invention, wherein the 
reflection surface with the curved surface is arranged 

25 at a position substantially conjugate with the retina of 
the eyeball and is a curved surface that corrects 
deterioration of telecentricity produced by the second 
fisheye-type optical system. 

A fifty-fourth invention for achieving the above object 

30 is the image display device set forth in any of the 
fifty-first or fifty-second invention, wherein the 
reflection surface with the curved surface is arranged 
at the position substantially conjugate with the retina 
of the eyeball and is a curved surface that corrects 

35 deterioration of telecentricity produced by the second 
fisheye-type optical system. 

A fifty-fifth invention for achieving the above object 
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is the image display device set forth in any of the 
fifty-first through fifty-fourth inventions, wherein the 
reflection surface with the curved surface is formed by 
a f8-type mirror with at least two surfaces and optical 
5 axes of both f0-type mirrors are made parallel with each 
other and a focus point of one of the f9-type mirrors is 
arranged in proximity to the crystal ball of the eyeballs, 
and the other focus point thereof is arranged in proximity 
to the second fisheye-type optical system. 

10 A fifty-sixth invention for achieving the above object 
is the image display device set forth in any of the 
fifty-first through fifty-fourth inventions, wherein the 
reflection surface with the curved surface is formed by 
a f0-type mirror with at least two surfaces and optical 

15 axes of both f9-type mirrors are made parallel with each 
other, and the image display device further includes 
functions that relay the focus point of one of f0-type 
mirrors in proximity to the crystal ball of the eyeballs 
by way of a third fisheye-type optical system, and relay 

20 the other focus point thereof in proximity to the second 
optoelectric element by way of the second fisheye-type 
optical system. 

A fifty-seventh invention for achieving the above object 
is the image display device set forth in any of the 

25 fifty-first through fifty-third inventions, wherein the 
reflection surface with the curved surface is formed by 
an elliptic mirror with at least two surfaces and one of 
the two focus points of the elliptic mirror with two surfaces 
is arranged substantially at the same position as that 

30 of the other thereof and all focus points are arranged 
substantially in a straight line. 

A fifty-eighth invention for achieving the above object 
is an image display device made up of two image display 
devices set forth in any of the fifty-first through 

35 fifty-seventh inventions, wherein the two image display 
devices are separately arranged to right and left eyeballs 
respectively and a space between the two image display 
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devices is made adjustable corresponding to a space between 
right and left eyes such that a space between the first 
fisheye-type optical systems of the two image display 
devices and a space between eyeballs become equal. 
5 A fifty-ninth invention for achieving the above object 
is the image display device set forth in any of the 
fifty-first through fifty-seventh inventions , wherein the 
image display device is configured to be arranged to at 
least one of right and left eyeballs. 
10 A sixtieth invention for achieving the above object is 
an image display device made up of two image display devices 
set forth in any of the fortieth through fifty-seventh 
inventions, wherein the two image display devices are 
separately arranged to right and left eyeballs 
15 respectively and their positions thereof are made 

adjustable corresponding to a spacing between eyeballs. 

A sixty-first invention for achieving the above object 
is the image display device set forth in any of the 
fifty-first through sixtieth inventions, wherein the 
20 second optoelectric element is a liquid crystal display 
device of emitting light in a two-dimensional way. 

A sixty-second invention for achieving the above object 
is the image display device set forth in any of the 
fifty-first through sixty-first inventions, wherein the 
25 first optoelectric element is an image sensor of receiving 
light in a two-dimensional way. 

A sixty-third invention for achieving the above object 
is an image display device that includes functions that 
project a predetermined wide image on a first optoelectric 
30 element with a spherical surface of receiving light in 
a two-dimensional way perpendicular to a direction of 
receiving light flux and image data received by the first 
optoelectric element output from a second optoelectric 
element with a spherical surface of emitting light in a 
35 two-dimensional way perpendicular to a direction of 

emitted light flux, and project the image data on a retina 
inside at least one of eyeballs via a reflection surface 



17 

with a curved surface . 

A sixty-fourth invention for achieving the above object 
is the image display device set forth in the sixty-third 
invention, wherein the first optoelectric element includes 
5 a positive lens arranged on a spherical surface and an 
image sensor arranged on the spherical surface, and the 
second optoelectric element includes a positive lens 
arranged on a spherical surface and a display unit arranged 
on the spherical surface. 

10 A sixty-fifth invention for achieving the above object 
is an image display device that includes a first 
f isheye-type optical system that projects a predetermined 
wide image on a first optoelectric element of receiving 
light in a two-dimensional way perpendicular to a direction 

15 of received light flux, and a control device that outputs 
image data received by the first optoelectric element from 
a second optoelectric element of emitting light in a 
two-dimensional way perpendicular to a direction of 
emitted light flux and implements a desired control when 

20 projecting the image data from the second optoelectric 
element on a retinal inside at least one of eyeballs via 
a second fisheye-type optical system. 

A sixty-sixth invention for achieving the above object 
is the image display device set forth in the sixty-fifth 

25 invention, wherein the second fisheye-type optical system 
includes a function that supplies light flux including 
image data to an image detection area of the retina due 
to the crystal ball corresponding to a turn of the eyeball. 
A sixty-seventh invention for achieving the above object 

30 is the image display device set forth in any of the 

sixty-fifth or sixty-sixth invention that further includes 
a reflection surface with a curved surface in the second 
fisheye-type optical system, wherein the reflection 
surface with the curved surface is arranged at a position 

35 substantially conjugate with the retina inside the eyeball 
and is a surface that corrects curvature of field produced 
by the second fisheye-type optical system. 
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A sixty-eighth invention for achieving the above object 
is the image display device set forth in any of the 
sixty-f if th or sixty- sixth invention that further includes 
a reflection surface with a curved surface that is arranged 
5 at a position substantially conjugate with the retina 
inside the eyeball in the second fisheye-type optical 
system, and that corrects deterioration of telecentricity 
produced by the second fisheye-type optical system. 
A sixty-ninth invention for achieving the above object 

10 is the image display device set forth in any of the 

sixty-fifth through sixty-eighth inventions that further 
includes a fO-type mirror with at least two surfaces, 
wherein optical axes of both f0-type mirrors are made 
parallel with each other and a focus point of one of the 

15 f0-type mirrors is arranged in proximity to the crystal 
ball inside at least one of eyeballs and the focus point 
of the other thereof is arranged in proximity to the second 
fisheye-type optical system. 

A seventieth invention for achieving the above object 

20 is the image display device set forth in any of the 

sixty-fifth through sixty-eighth inventions that further 
includes a deflecting mirror between the second optical 
system and the retina inside at least one of eyeballs, 
wherein the deflecting mirror is formed by the f0-type 

25 mirror with at least two surfaces and optical axes of both 
f9-type mirrors are made parallel with each other, and 
functions that relay a focus point of one of f 0-type mirrors 
in proximity to the crystal ball of the eyeball by way 
of a third fisheye-type optical system and relay the focus 

30 point of the other thereof in proximity to the second 
optoelectric element by way of the second fisheye-type 
optical system. 

A seventy-first invention for achieving the above object 
is the image display device set forth in any of the 

35 sixty-fifth through sixty-eighth inventions, wherein the 
deflecting mirror is formed by an elliptic mirror with 
at least two surfaces and one of two focus points of the 
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two elliptic mirrors is arranged substantially at the same 
position as that of the other thereof and all focus points 
thereof are arranged substantially in a straight line. 
A seventy- second invention for achieving the above ob j ect 
5 is the image display device set forth in any of the 

sixty-fifth through seventy-first inventions, wherein the 
control device includes at least any of a focus adjustment 
device to focus on the predetermined wide image or a device 
that controls a scope of outputting a wide image at will. 

10 A seventy-third invention for achieving the above object 
is the image display device set forth in any of the 
sixty-fifth through seventy-second inventions, wherein 
the control device includes an image composite device that 
composites first image information input from an external 

15 other than the image display device and second image 

information input from the first optoelectric element and 
outputs information of the composite image from the second 
optoelectric element. 

A seventy-fourth invention for achieving the above object 

20 is the image display device set forth in the seventy-third 
invention, wherein the image composite device includes 
functions that correct the first image information based 
upon information of distortion produced by the first 
fisheye-type optical system, and composite the corrected 

25 first image information and the second image information. 

A seventy-fifth invention for achieving the above object 
is the image display device set forth in any of the 
seventy-third or seventy-fourth invention, wherein the 
first image information includes information of an image 

30 output from a video. 

A seventy-sixth invention for achieving the above object 
is the image display device set forth in the seventy-fifth 
invention, wherein a video image input device that supplies 
the information of the output video image is fixed onto 

35 the image display device detachably. 

A seventy-seventh invention for achieving the above 
object is the image display device set forth in any of 
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the seventy-third through seventy-sixth inventions, 
wherein the first image information includes image 
information output from a computer. 

A seventy-eighth invention for achieving the above ob j ect 
5 is the image display device set forth in any of the 
seventy-third through seventy-seventh inventions, 
wherein the first image information, includes keyboard 
information input to a computer. 

A seventy-ninth invention for achieving the above object 
10 is the image display device set forth in any of the 

seventy-third through seventy-eighth inventions, wherein 
the first image information includes information input 
to a portable keyboard attached to a hand. 

An eightieth invention for achieving the above object 
15 is the image display device set forth in the seventy-ninth 
invention, wherein the information input to the portable 
keyboard includes image information obtained by detecting 
information of an electromagnetic element attached to a 
thumb with an electromagnetic detection sensor attached 
20 to other fingers and converting the information of the 
electromagnetic element into information of a distance 
and direction between the thumb and the other fingers. 

An eighty-first invention for achieving the above object 
is the image display device set forth in any of the 
25 seventy-ninth or eightieth invention, wherein the 

information input to the portable keyboard includes image 
information obtained by detecting information of each 
finger's pressure against an object with a pressure 
detection sensor attached to each finger and converting 
30 the information of each finger's pressure into 
recognizable information as an image. 

An eighty-second invention for achieving the above ob j ect 
is the image display device set forth in any of the 
seventy-third through eighty-first inventions, wherein 
35 the first image information includes image information 
made up of a character into which a voiced or non-voice 
sound input to a microphone or headphone is converted. 



21 

An eighty-third invention for achieving the above object 
is an image display device made up of two image display 
devices set forth in any of the sixty-third through 
eighty-second inventions, wherein the two image display 
5 devices are separately arranged to right and left eyeballs 
respectively and a space between both image display devices 
is made adjustable corresponding to a space between right 
and left eyeballs such that a space between the first 
fisheye-type optical systems of the two image display 

10 devices and a space between eyeballs are made equal. 

An eighty-fourth invention for achieving the above object 
is the image display device set forth in any of the 
sixty-third through eighty-second inventions, wherein the 
image display device is arranged to at least one of right 

15 and left eyeballs. 

An eighty-fifth invention for achieving the above object 
is an image display device made up of two image display 
devices set forth in any of the sixty-third through 
eighty-second inventions, wherein the two image display 

20 devices are separately arranged to right and left eyeballs 
respectively and their positions thereof are made 
adjustable corresponding to a space between eyeballs. 

An eighty-sixth invention for achieving the above object 
is the image display device set forth in any of the 

25 sixty-third through eighty-fifth inventions, wherein at 
least the second optoelectric element is separately 
arranged to right and left eyeballs, and the first 
optoelectric element and the first fisheye-type optical 
system are shared for right and left eyeballs. 

30 An eighty-seventh invention for achieving the above 
object is the image display device set forth in the 
eighty-sixth invention, wherein information input to the 
first optoelectric element is converted into information 
of a position corresponding to width of both eyes and the 

35 position information is output to the second optoelectric 
.element for both eyes as different information 
corresponding to each eye. 
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An eighty-eighth invention for achieving the above ob j ect 
is an image display device that includes a control device 
that controls an image from a first optoelectric element 
which is tobe formed by pro j ecting and forming light emitted 
5 from a first optoelectric element of emitting light in 
a two-dimensional way perpendicular to a direction of 
emitted light flux on a retinal inside at least one of 
eyeballs via a first fisheye-type optical system and a 
reflection surface with a curved. 

10 An eighty-ninth invention for achieving the above object 
is the image display device set forth in the eighty-eighth 
invention, wherein the first fisheye-type optical system 
includes a function that supplies light flux including 
image data to an image detection area of a retina due to 

15 a movement of a crystal ball corresponding to a turn of 
the eyeball. 

A ninetieth invention for achieving the above object is 
the image display device set forth in any of the 
eighty-eighth or eighty-ninth invention, wherein the 

20 reflection surface with the curved surface is arranged 
at a position substantially conjugate with the retina 
inside at least one of eyeballs and is a curved surface 
that corrects curvature of field produced by the first 
fisheye-type optical system. 

25 A ninety-first invention for achieving the above object 
is the image display device set forth in any .of the 
eighty-eighth or eight-ninth invention, wherein the 
reflection surface with the curved surface is arranged 
at a position almost conjugate with a retina of an eyeball 

30 and is a curved surface that corrects deterioration of 
telecentricity produced by the first fisheye-type optical 
system. 

A ninety-second invention for achieving the above object 
is the image display device set forth in any of the ninetieth 
35 or ninety-first invention that further includes a f0-type 
mirror with at least two surfaces, wherein optical axes 
of both f9-type mirrors are made parallel and a focus point 
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of one of the f9-type mirrors is arranged in proximity 
to the crystal ball of the eyeball and the focus point 
of the other thereof is arranged in proximity to the first 
fisheye-type optical system. 
5 A ninety-third invention for achieving the above object 
is the image display device set forth in any of the 
eighty-eighth through ninety-first inventions that 
further includes a deflecting mirror between the first 
fisheye-type optical system and the retina inside the 

10 eyeball, wherein the deflecting mirror is formed by a 
f0-type mirror with at least two surfaces and optical axes 
of both f0-type mirrors are made parallel with each other, 
and includes functions that relay a focus point of one 
of f9-type mirrors in proximity to the crystal ball of 

15 the eyeball by way of a third fisheye-type optical system 
and relay the focus point of the other thereof in proximity 
to the first optoelectric element by way of the second 
fisheye-type optical system. 

A ninety-fourth invention for achieving the above ob j ect 

20 is the image display device set forth in any of the 
eighty-eighth through ninety-first inventions that 
further includes a deflecting mirror between the first 
fisheye-type optical system and the retina of the eyeball, 
wherein the deflecting mirror is formed by an elliptic 

25 mirror with at least two surfaces and one of two focus 
points of the two elliptic mirrors is arranged 
substantially at the same position as that of the other 
thereof and all focus points are arranged substantially 
in a straight line. 

30 A ninety-fifth invention for achieving the above object 
is the image display device set forth in any of the 
eighty-eighth through ninety-fourth inventions, wherein 
the control device includes at least any of a focus 
adjustment device to focus on the predetermined wide image 

35 or a device that controls an output scope of a wide image 
at will. 

A ninety-sixth invention for achieving the above object 



is the image display device set forth in any of the 
eighty-eighth through ninety-fifth inventions, wherein 
the control device includes an image composite device that 
composites first image information and second image 
5 information different from the first image information 
and outputs information of a composite image from the first 
optoelectric element . 

A ninety- seventh invention for achieving the above ob j ect 
is the image display device set forth in any of the 

10 eighty-eighth through ninety-fifth inventions, wherein 
the control device includes functions that optically 
composites first image information output from the first 
optoelectric element and second image information output 
from the second optoelectric element and projects, and 

15 forms the composite image on the retina inside the eyeball. 

A ninety-eighth invention for achieving the above object 
is the image display device set forth in any of the 
ninety-sixth or ninety-seventh invention, wherein the 
control device corrects at least one of the first image 

20 information and the second image information based upon 
information of distortion produced by the first 
fisheye-type optical system and then composites the 
corrected image information. 

A ninety-ninth invention for achieving the above object 

25 is the image display device set forth in any of the 

ninety-fifth through ninety-eighth inventions, wherein 
at least one of the first image information and the second 
image information includes information of at least one 
of images output from a video, a DVD and a high vision. 

30 A hundredth invention for achieving the above object is 
the image display device set forth in any of the ninety- f if th 
through ninety-ninth inventions, wherein at least one of 
the first image information and the second image 
information includes image information output from a 

35 computer. 

A hundred-first invention for achieving the above object 
is the image display device set forth in any of the 
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ninety-fifth through hundredth inventions, wherein at 
least one of the first image information and the second 
image information includes keyboard information input to 
a computer. 

A hundred- second invention for achieving the above ob j ect 
is the image display device set forth in any of the 
ninety-fifth through hundred-first inventions, wherein 
at least one of the first image information and the second 
image information includes information input to a portable 
keyboard attached to a hand. 

A hundred-third invention for achieving the above object 
is the image display device set forth in the hundred-second 
invention, wherein the portable keyboard input information 
includes image information obtained by detecting 
information of an electromagnetic element attached to a 
thumb with an electromagnetic detection sensor attached 
to other fingers and converting the information of the 
electromagnetic element into information of the 
distance/direction between the thumb and the other 
fingers . 

Ahundred-f ourth invention for achieving the above ob j ect 
is the image display device set forth in any of the 
hundred-second or hundred-third invention, wherein the 
portable keyboard input information includes image 
information obtained by detecting information of each 
finger's pressure against an object with a pressure 
detection sensor attached to each finger and converting 
the information of each finger' s pressure into 
recognizable information as an image. 

A hundred-fifth invention for achieving the above object 
is the image display device set forth in any of the 
hundred-second or hundred-fourth invention, wherein at 
least one of the first image information and the second 
image information includes image information made up of 
text into which a voiced or non-voice sound input to a 
microphone or headphone is converted. 

A hundred-sixth invention for achieving the above obj ect 
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is an image display device made up of two image display 
devices set forth in any of the eighty-eighth through 
hundred-fifth inventions, wherein the two image display 
devices are separately arranged to right and left eyeballs 
5 respectively and a space between both image display devices 
is made adjustable corresponding to a space between right 
and left eyeballs such that a space between the first 
fisheye-type optical systems of the two image display 
devices and a space between eyeballs are made equal. 

10 A hundred-seventh invention for achieving the above 
object is the image display device set forth in any of 
the eighty-eighth through hundred-fifth inventions, 
wherein the image display device is arranged to at least 
one of right and left eyeballs. 

15 Ahundred-eighth invention for achieving the above object 
is an image display device that includes a control device 
that controls an image output from the first optoelectric 
element which is to be formed by projecting and forms light 
emitted from a first optoelectric element of emitting light 

20 in a two-dimensional way perpendicular to a direction of 
emitted flux on a retinal of an eyeball via the first 
fisheye-type optical system inclusive of a relay optical 
system, wherein the control device includes at least any 
of a focus adjustment device to focus on the predetermined 

25 wide image or a device that controls an output scope of 
the wide image at will and the wide image has an viewing 
angle with 60 degrees and over. 

A hundred-ninth invention for achieving the above object 
is the image display device set forth in the hundred-eighth 

30 invention, wherein the first fisheye-type optical system 
includes a function that supplies light flux including 
image data to an image detection area of the retina due 
to a movement of the crystal ball corresponding to a turn 
of an eyeball. 

35 A hundred-tenth invention for achieving the above object 
is the image display device set forth in any of the 
hundred-eighth or hundred-ninth invention, wherein the 
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first .f isheye-type optical system includes at least one 
of a hyperboloid lens or a rotationally symmetric lens 
with a two-dimensional curved surface. 

A hundred-eleventh invention for achieving the above 
5 object is the image display device set forth in the 

hundred-eighth through hundred-tenth inventions, wherein 
the relay optical system includes at least one of the 
hyperboloid lens or the rotationally symmetric lens with 
the two-dimensional curved surface. 
10 A hundred-twelfth invention for achieving the above 
object is the image display device set forth in the 
hundred-eleventh invention, wherein the hyperboloid lens 
or the rotationally symmetric lens with the 
two-dimensional curved surface of the relay optical system 
15 is arranged in proximity to a pupil position. 

A hundred-thirteenth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-eighth through hundred-twelfth inventions, 
wherein the relay optical system includes at least one 
20 curved surface mirror that corrects telecentricity . 

A hundred-fourteenth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-eighth through hundred-thirteenth inventions, 
wherein the image display device is arranged to at least 
25 one of right and left eyeballs. 

A hundred-fifteenth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-eighth through hundred-fourteenth inventions, 
wherein the control device includes an image composite 
30 device that composites first image information and second 
image information different from the first image 
information and outputs information of a composite image 
from the first optoelectric element. 

A hundred-sixteenth invention for achieving the above 
35 object is the image display device set forth in any of 
the hundred-seventh through hundred-fifth inventions, 
wherein the control device includes functions that 



optically composites first image information output from 
the first optoelectric element and the second image 
information output from the second optoelectric element 
and projects and forms a composite image on the retina 
5 inside the eyeball. 

A hundred-seventeenth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-fifteenth through hundred-sixteenth 
inventions, wherein the control device corrects at least 

10 one of the first image information and the second image 
information based upon information of distortion produced 
by the first fisheye-type optical system and then 
composites the corrected image information. 

A hundred-eighteenth invention for achieving the above 

15 object is the image display device set forth in any of 
the hundred-fifteenth through hundred-seventeenth 
inventions, wherein at least one of the first image 
information and the second image information includes 
information of at least one of images output from a video, 

20 a DVD and a high vision. 

A hundred-nineteenth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-fifteenth through hundred-eighteenth 
inventions, wherein at least one of the first image 

25 information and the second image information includes 
image information output from a computer. 

A hundred-twentieth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-fifteenth through hundred-nineteenth 

30 inventions, wherein at least one of the first image 

information and the second image information includes 
keyboard information input to a computer. 

A hundred-twenty-first invention for achieving the above 
object is the image display device set forth in any of 

35 the hundred-fifteenth through hundred-twentieth 

inventions, wherein at least one of the first image 
information and the second image information includes 
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information input to a portable keyboard attached to a 
hand . 

A hundred-twenty-second invention for achieving the 
above object is the image display device set forth in the 
5 hundred-twenty-first invention, wherein the portable 
keyboard input information includes image information 
obtained by detecting information of an electromagnetic 
element information attached to a thumb with an 
electromagnetic detection sensor attached to other fingers 

10 and converting the information of the electromagnetic 
element into information of a distance/direction between 
the thumb and the other fingers. 

A hundred-twenty-third invention for achieving the above 
object is the image display device set forth in any of 

15 the hundred-twentieth or hundred-twenty-first invention, 
wherein the portable keyboard input information includes 
image information obtained by detecting information of 
each finger's pressure against an object with a pressure 
detection sensor attached to each finger and converting 

20 the information of each finger pressure into recognizable 
information as an image. 

A hundred-twenty-fourth invention for achieving the 
above object is the image display device set forth in any 
of the hundred-fifteenth through hundred-twenty-third 

25 inventions, wherein at least one of the first image 

information and the second image information includes 
image information made up of text into which a voice sound 
or a non-voice sound input to a microphone or headphone 
is converted. 

30 A hundred-twenty-fifth invention for achieving the above 
object is an image display device made up of two image 
display devices set forth in any of the hundred-fifteenth 
through hundred-twenty-fourth inventions, wherein the two 
image display devices are separately arranged to right 

35 and left eyeballs respectively and a space between both 
image display device is made adjustable corresponding to 
a space between right and left eyeballs such that a space 
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between the first f isheye-type optical systems of the two 
image display devices and a spacing between eyeballs are 
made equal. 

A hundred-twenty-sixth invention for achieving the above 
5 object is the image display device made up of one image 
display device set forth in any of the hundred-fifteenth 
through hundred-twenty-fourth inventions, wherein the 
single image display device is divided to right and left 
eyeballs respectively by an optical member and a space 

10 between projected images of each of the first optical 
fisheye-type optical system is made adjustable 
corresponding to a space between a right eye and a left 
eye such that a space between the first fisheye-type optical 
systems separately arranged to split light flux and a space 

15 between eyes are made equal. 

A hundred-twenty-seventh invention for achieving the 
above object is the image display device set forth in any 
of the hundred-eighth through hundred-twenty-sixth 
inventions that further includes a light diffusion member 

20 that is arranged on an image-formed surface arranged on 
an optical path of an optoelectric member of outputting 
the image data and a crystal ball and that diffuses light, 
wherein at least a part of the first fisheye-type optical 
system lets diffused transmitting light converge in 

25 proximity to a crystal ball and an image of a subject be 
formed on a retina. 

A hundred-twenty-eighth invention for achieving the 
above object is the image display device set forth in the 
hundred-twenty-seventh invention, wherein the light 

30 diffusion member of diffusing the light is a transparent 
diffusion substrate that is coated on a transparent 
substrate with a particle of a metal oxide or a metallic 
carbide of a particle diameter controlled by an order of 
a micron. 

35 A hundred-twenty-ninth invention for achieving the above 
object is the image display device set forth in the 
hundred-twenty-eighth invention, wherein the particle is 
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at least one of silicon carbide, chromic oxide, tin oxide, 
titanium oxide, magnesium oxide and aluminum oxide and 
the transparent diffusion substrate is a polyester film. 
A hundred-thirtieth invention for achieving the above 
5 object is the image display device set forth in any of 
the fortieth through hundred-twenty-ninth inventions*, 
wherein at least a part of the image display device is 
supported by a member rather than the user and is placed 
at a contact with the user's face, and is made movable 

10 in response to a movement of the user's face. 

A hundred-thirty-first invention for achieving the above 
object is the image display device set forth in the 
hundred-thirtieth invention, wherein at least a part of 
the image display device is made capable of moving toward 

15 any of directions of six axes. 

A hundred-thirty-second invention for achieving the 
above object is the image display device set forth in the 
hundred-thirty-first invention, wherein the image display 
device is supported at a position of centre of gravity 

20 of the image display device or in proximity to its position 
capable of moving toward directions of six axes at will. 

A hundred-thirty-third invention for achieving the above 
object is the image display device set forth in the 
hundred-thirty-first or hundred-thirty-second invention 

25 that further includes a weight member that balances the 
body of the image display device, a flexible string member 
that links the body of the image display device and the 
weight member, and a pulley in order to enable the image 
display device to move toward directions of six axes at 

30 will. 

A hundred-thirty-fourth invention for achieving the 
above object is the image display device set forth in any 
of the hundred-eighth through hundred-thirty-third 
inventions, wherein a unit controlling an output area of 
35 the wide image at will is an optical zoom device of a variable 
magnification of 2 X and over and controls such that a 
composite image composited by the first image information 
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and the second image information does not overlap over 
a predetermined width corresponding to a state of a zoom. 

A hundred-thirty-fifth invention for achieving the above 
object is the image display device set forth in the 
5 hundred-eighth through hundred-thirty-fourth inventions, 
wherein the unit controlling the output area of the wide 
image at will includes a detection member that detects 
an moving image of a landscape flowing on an observer's 
line of vision and a storage member that processes the 
10 image such that the image does not move during a 

predetermined period of time and stores the processed 
image. 

Ahundred-thirty-sixth invention for achieving the above 
object is the image display device set forth in the 

15 hundred-eighth through hundred-thirty-fifth inventions, 
wherein the unit controlling an output area of the wide 
image at will includes a selection member that freely 
selects use or non-use of the detection member and 
processing/storage member at will. 

20 A hundred-thirty-seventh invention for achieving the 
above object is the image display device set forth in the 
hundred-thirty-fifth or hundred-thirty-sixth invention, 
wherein the detection member and the storage member take 
image data into an internal buffer and divide an image 

25 output from the internal buffer into a marginal image block 
and a center image block and computes an amount in a lateral 
shift within a block for a predetermined period of time 
and judges whether the shift is attributed to a hand shake 
or a lateral movement of a screen when the marginal image 

30 and center image are shifted in the same direction, and 
process the image in such a way that makes an overall screen 
look still by shifting an overall image bit by the same 
amount as a movement amount in a direction opposite a 
direction of an image movement such that the image does 

35 not move laterally for the predetermined period of time. 
A hundred-thirty-eighth invention for achieving the 
above object is an image display device made up of two 
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image display devices set forth in any of the 
hundred- fifteenth through hundred-twenty- fourth 
inventions, wherein these two image display devices 
include an image splitting/composite device that supplies 
5 an image to right and left eyeballs respectively by 

splitting and compositing the image, and a switching device 
that switches over the image splitting/composite device 
of supplying the image separately to right and left eyeballs 
respectively. 

10 A hundred-thirty-ninth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-thirtieth through hundred-thirty-fifth 
inventions, wherein a part of the image display device 
includes at least one of an earthquake detecting sensor, 

15 a level measuring/adjustment device and a fixed device. 

A hundred-fortieth invention for achieving the above 
object is the image display device set forth in any of 
the hundred-thirtieth through hundred-thirty-third 
inventions or the hundred-thirty-ninth invention, wherein 

20 a part of the image display device includes at least one 
of a timer device and a movement device that moves an image 
display section in accordance with an output of the timer 
device . 

25 BRIEF DESCRIPTION OF DRAWINGS 

FIG.l is a schematic view showing a first embodiment of 
this invention. 

FIG. 2 is a schematic view showing a second embodiment 
of this invention. 
30 FIG. 3 is a view showing a principle of a third embodiment 
of this invention. 

FIG. 4 is a schematic view showing a third embodiment of 
this invention. 

FIG. 5 is a view showing a range of image information that 
35 can be seen when an eyeball turns. 

FIG. 6 is a schematic view showing a principle of a fourth 
embodiment of this invention. 
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FIG. 7 is a schematic view showing a fifth embodiment of 
this invention. 

FIG. 8 is a schematic view showing a sixth embodiment of 
this invention. 
5 FIG. 9 is a schematic view showing a seventh embodiment 
of this invention. 

FIG. 10 is an explanatory view when converting image input 
information of the seventh embodiment into image output 
information, wherein (a) shows an image of receiving light, 
10 (b) output image of liquid crystal type two-dimensional 
output device 6 of 24L and (c) output image of liquid crystal 
type two-dimensional output device 6 of 24R. 

FIG. 11 is a schematic view showing an eighth embodiment 
of this invention. 
15 FIG. 12 is an explanatory view when correcting distortion 
of external input image information for compositing an 
image . 

FIG. 13 is a schematic view showing a ninth embodiment 
of this invention. 
20 FIG. 14 is an explanatory view when correcting distortion 
of a plurality of external input image information for 
compositing an image. 

FIG. 15 is a view showing a tenth embodiment of this 
invention, wherein a device to input image information 
25 is detachable from a device to output image information 
and interchangeable . 

FIG. 16 is a conceptual view of two examples in a 
conventional art . 

FIG. 17 is a view showing a position where parallel light 
30 flux entering from three different directions converges 
at crystal ball A within an fisheye optical system. 

FIG. 18 is a view showing a configuration that alleviates 
asymmetry of an image plane by inserting a correction 
optical system in proximity to a position of a common focus 
35 point of two elliptic mirrors. 

FIG. 19 is a view showing how to make a viewing angle small 
by disposing a reverse fisheye lens unit in an eyeball. 
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FIG .20 is a view showing a configuration using a f 0 mirror 
to relay light leaving from an eyeball up to a liquid 
crystal-type two-dimensional output device of a 
predetermined size . 
5 FIG. 21 is a view showing that the device shown in FIG. 20 
is arranged separately to right and left eyeballs 
respectively. 

FIG. 22 is a view showing an example where curvature of 
field is corrected by way of a curved surface mirror. 

10 FIG. 23 is a view showing one example of an embodiment 
of a display device. 

FIG. 24 is a view showing a schematic configuration of 
an image pick-up device, wherein an arrow indicates a 
direction of view. 

15 FIG. 25 is a view showing a position of a focus point and 
a direction of sight lines of both eyes in the right and 
left image display device when forming an image a far away 
and at a close distance. 

FIG. 26 is a view showing an example in more detail about 

20 a case where an image is optically composited with a half 
mirror. Ninety-first (91) is an output image of VGA liquid 
crystal element for field of view of a left eye, 
ninety-second (92) an output image of VGA liquid crystal 
element for field of view of a left eye and ninety-third 

25 (93) a composite image that can be viewed by a retina of 
field of view of the left eye. 

FIG. 27 is a view showing a compositing image when 
adjusting a zoom unit . (a) shows a case for a movie viewing 
purpose, (b) for a whole file-of-view observation and an 

30 arrow indicates that the zoom unit changes a mode from 
the movie viewing to the whole file-of-view observation. 

FIG. 28 is a view showing an example of a display device 
wherein an automatic focus control device is arranged in 
a fisheye-type optical system including an eyepiece lens. 

35 FIG. 29 is a view showing an example of an image pick-up 
device wherein an automatic focus control device is 
arranged in a fisheye-type optical system including an 
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eyepiece lens. 

FIG. 30 is a view showing an example of a fixed-type image 
pick-up device for use in a security and disaster precaution 
and wild animal watching etc. 
5 FIG. 31 is a view showing an overall configuration of a 
floor-standing image display device. 

FIG. 32 is a view showing a case where a display device 
of a whole viewing angle is used when lying on the back. 

FIG. 33 is a view showing an overview of a configuration 
10 of the display device of a whole viewing angle that fits 
a face by absorption. 

FIG. 34 is a plane view looking at the display device of 
a whole viewing angle from an upper position. 

FIG. 35 is a schematic view of a fisheye-type optical 
15 system including the eyepiece lens in the embodiment of 
this invention and a view showing light flux of ±70 degrees 
when the crystal ball moves 20mm, considering a quick 
movement of a human-being eye. 

FIG. 36 is a schematic view of a fisheye-type optical 
20 system including the eyepiece lens in the embodiment of 
this invention and a view showing a case where a size of 
an eye pupil is set at an order of 3mm equivalent to a 
typical size thereof indoors. 

FIG. 37 is a schematic view of a fisheye-type optical 
25 system including the eyepiece lens in the embodiment of 
this invention and a view showing light flux in a case 
where defocused curvature of field is intentionally 
introduced corresponding to a viewing angle from a center 
of a viewing. 

30 FIG. 38 is a schematic view of a fisheye-type optical 
system including the eyepiece lens in the embodiment of 
this invention and a view showing light flux in a case 
where a- focus position does not vary that much even with 
a quick eyeball movement. 

35 FIG. 39 is a schematic view of a fisheye-type optical 
system including the eyepiece lens in the embodiment of 
this invention and a view showing light flux in a case 



where an eye views an object at 50cm ahead. 

FIG. 40 is a view showing an example where the display 
device of a whole viewing angle is supported by way of 
a magic hand technology. 
5 FIG. 41 is a view showing an example where a weight of 
the display device of a whole viewing angle is cancelled 
out by way of a counter weight. 

FIG . 42 is a view showing an example where the whole viewing 
angle display device is made freely movable by way of a 
10 universal joint. 

FIG. 43 is a view showing an example where curvature of 
field on a surface of forming an image and a tilt of 
telecentricity are made small by way of a hyperboloid lens . 
(a) indicates a case where there is no lateral shift of 
15 an eyeball (quick eyeball movement) , (b) there is the 
lateral shift of an eyeball with 30 degrees (quick eyeball 
movement) and an arrow represents an output of a picture 
image . 

FIG. 44 is a view showing light flux for each angle of 

20 view of an optical system shown in FIG. 43. 

FIG. 45 is a view showing aberrations corresponding to 
characteristics shown in FIG. 44. (a) , (b) and (c) 
represent spherical aberration, astigmatism and 
distortion from a left side. 

25 FIG. 46 is a view showing an example of an optical system 
that relays light flux from an output surface of LCD to 
a diffusion glass. (b) shows aberrations in which 
spherical aberration, astigmatism and distort ion are shown 
from a left side. 

30 FIG. 47 is a view showing an example of an optical system 
that relays light flux from an output surface of LCD to 
a diffusion glass. (b) shows aberrations in which 
spherical aberration, astigmatism and distortion are shown 
from a left side. 

35 FIG. 48 is a schematic view of a device of an embodiment 
of this invention using an optical system shown in FIGS. 44 
(a) and 47. 
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FIG. 49 is a view showing a comparison table of a 
conventional product vs. a product of this invention. 

FIG. 50 is a view showing a sate where the display device 
of a whole viewing angle is supported by accommodating 
5 the weight into a supporting member. 

FIG. 51 is a view showing a sate where the display device 
of a whole viewing angle is supported by accommodating 
the weight into a supporting member. 

FIG. 52 is a schematic view showing one of examples in 
10 an embodiment of this invention. 



Best Mode for Carrying Out the Invention 

An example of a preferred embodiment of this invention 
will be described hereunder referring to accompanying 

15 diagrams. FIG.l is a schematic diagram showing a first 
embodiment of this invention, wherein FIG.l is a 
cross-sectioned view taking a top view of a head of a user 
and shows a left side of a head, wherein contour 3 of a 
face, left eyeball 1L andnose 4 beside left eye crystalline 

20 lens 2L are depicted at a lower right thereof. An upper 
area of the figure has a broad field of view and a wide 
image from a broad field of view is formed on CCD 
two-dimensional array sensor 9 with first fisheye-type 
optical system 10. In this case, first fisheye-type 

25 optical system 10 has a wide angle of view and converts 
light flux from an object in the field of view into thin 
light flux, and then forms an image of the object on CCD 
two-dimensional array sensor 9. 

A fisheye-type optical system referred to in the 

30 specifications and claims means an optical system in 

general that can produce a wider angle of view than a range 
of field of view with which a user can clearly grasp a 
color and its detail of an object and includes not only 
a so-called f isheye lens (has an angle of view of 180 degrees 

35 against a diagonal line of a screen) but also a wide-angle 
lens (covers diagonally 60 to 90 degrees) and an ultra 
wide-angle lens (covers diagonally 90 degrees and over) , 



39 

and a standard lens with an angle of view of 30 degrees 
and over. As a preferred embodiment of this invention, 
a lens with an angle of view of 90 degrees and over against 
a diagonal line is desirable. 
5 In other words, the f isheye-type optical system set forth 
in the specifications and claims means an optical system 
capable of getting wide f ield-of -view information in a 
broad sense against a general projection optical system 
and includes a special optical system etc with astigmatism 

10 including an aspherical lens, a cylindrical lens etc, not 
to mention a typical wide-angle lens and a fisheye lens. 
Furthermore, elliptical mirror includes a special 
elliptical mirror that has astigmatism of a different 
curvature in a lateral line and vertical lines and a mirror 

15 elliptical toward only a direction of one axis etc and 
thus, an explanation in the specifications and claims will 
be given on the assumption of the foregoing. 

An image formed on CCD two-dimensional array sensor 9 
is output to liquid crystal display- type two-dimensional 

20 output device 6 as output image information by image 

processing device 8 . Liquid crystal type two-dimensional 
output device 6 is illuminated by a backlight, wherein 
light is emitted from a pixel equivalent to an image 
corresponding to the output image information. This light, 

25 as light flux to diverge again at a large angle by second 
f isheye-type optical system 7, diverges from a virtual 
focal point. This diverging light flux is deflected with 
three-dimensional elliptical mirror 5, but an optical 
system is arranged such that the virtual focal point is 

30 positioned in proximity to a first focal point of 

three-dimensional elliptical mirror 5, so the diverging 
light flux converges in proximity to a second focal point 
of three-dimensional elliptical mirror 5. 

There is left-eye crystalline lens 2L of left eyeball 

35 1L in proximity to the second focal point and as a result, 
a wide image is formed on a retina of left eyeball 1L as 
a projection image. The reason why left-eye crystalline 
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lens 2L is positioned in proximity to the second focal 
point is that a pupil position of an optical system is 
made approximately in alignment with a pupil position of 
an eyeball and vignetting is reduced. 
5 Namely, an image pattern formed on a surface of liquid 
crystal display-type two-dimensional output device 6 is 
formed on a retina as an image extending over an effective 
whole field area of a retina or an area nearly equal to 
the effective whole field area of the retina . Accordingly, 

10 an image of a viewing angle covering the effective whole 
field area of the retina or the area nearly equal to the 
effective whole field area of the retina can be formed. 

Also, as seen from FIG.l, a surface passing through a 
middle point of a line linking both focal points of 

15 three-dimensional elliptical mirror 5 and being orthogonal 
to the line is configured to intersect a reflection surface 
of three-dimensional elliptical mirror 5. The 
above-described arrangement makes it possible to get a 
broad reflection surface of three-dimensional elliptical 

20 mirror 5 and to reflect all light dispersed and emitted 
from CCD two-dimensional array sensor 9 or most thereof, 
and thereby to cause the light to converge in proximity 
to the second focal point. 

By the way, a word "proximity" set forth in the description 

25 of "the virtual focal point is positioned in proximity 
to a first focal point of three-dimensional elliptical 
mirror 5" and "There is left eye crystalline lens 2L of 
left eyeball 1L in proximity to the second focal point" 
means as follows. When the image display device has an 

30 viewing angle of 60 degrees and over, if an extent of a 
loss by the vignetting is not any problem substantially, 
it is not necessary that the virtual focal point and left 
eye crystalline lens 2L be exactly positioned at a focal 
point and although a position relationship between the 

35 second focal point and the crystalline lens deviates with 
attachment of the image display device, this order of a 
deviation is tolerable. 
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In the specifications and claims of this invention, it 
should be noted that the word "in proximity to the focal 
point" is used with such the meaning unless otherwise 
described. 

5 In FIG.l, to make two focal points of three-dimensional 
elliptical mirror 5 clearly understood, a part of an ellipse 
that in fact does not exist is depicted with a broken line. 
In diagrams below, such the depiction will be adopted when 
referring to a reflection mirror. 

10 In the preferred embodiment as shown in FIG.l, as seen 
from light flux, an angle of the light flux inside left 
eyeball 1L is different from the one of corresponding light 
flux of second fisheye type optical system 7. That is, 
large distortion occurs. Taking this distortion into 

15 account, image processing device 8 performs a digitized 
correction on an image output from liquid crystal 
two-dimensional output device 6 in response to input 
information of CCD two-dimensional array sensor 9 and 
thereby a faithful image can be projected onto a retina 

20 inside left eyeball 1L. 

But, a typical CCD two-dimensional array sensor and a 
liquid crystal two-dimensional output device are 
aggregation of a limited light receiving element and liquid 
crystal element and if the digitized correction is made, 

25 a part of the compressed distortion has information 

forcibly expanded, so resolving power falls off and a 
faithful image cannot be obtained. 

A schematic view of a second preferred embodiment of this 
invention to avoid such the shortcoming is shown in FIG. 2 . 

30 In diagrams below, the same components as in FIG.l denote 
the same references, but their explanations are omitted 
in some case. As a matter of explanatory convenience, 
there are some that the same component uses a different 
reference. Also, to show "for a left eye", X> L" is affixed 

35 at the end of numeral and other text and for a right eye, 
"R" is affixed in the same way, and in the event that a 
thing is the same and it is common in both eyes, there 
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is a case where the thing is described without L and R. 

This embodiment does not put second f isheye-type optical 
system 7 into the first focal point of three-dimensional 
elliptical mirror 5 directly, but a virtual dispersing 
5 light source is provided at this focal part. With first 
fisheye-type optical system 10, a wide image from a wide 
field of view is compressed and a projection image is formed 
on CCD two-dimensional array sensor 9 . In this case, first 
fisheye-type optical system 10 has a wide-angle field of 

10 view and converts light flux from an object in the field 
of view into thin light flux and thereby has an image of 
the object formed on CCD two-dimensional array sensor 9. 

The image formed on CCD two-dimensional array sensor 9 
is output to liquid crystal two-dimensional output device 

15 6 by image processing device 8. Liquid crystal 

two-dimensional output device 6 is illuminated by a 
backlight and light is emitted from a pixel equivalent 
to an image in correspondence to output image information. 
This light is made parallel light flux via distortion 

20 correcting optical system 13 including f0 lens and is 
reflected by f0 mirror 12, and thereby becomes light flux 
passing through its focal point. A position of the focal 
point of the f9 mirror is so placed as to be in alignment 
with a position of the second focal point of 

25 three-dimensional elliptical mirror 5. 

Consequently, light emitted from liquid crystal 
two-dimensional output device 6 becomes dispersing light 
from a focal point of f6 mirror 12, that is, the second 
focal point of three-dimensional elliptical mirror 5, and 

30 the dispersing light is reflected at a wide angle of 

dispersion by three-dimensional elliptical mirror 5, and 
converges in proximity to a position of left-eye 
crystalline lens 2L of left eyeball 1L arranged in proximity 
to the first focal point and thereby an image is formed 

35 on left eyeball 1L at a wide angle. Thus, an eyeball 
receives the light flux from liquid crystal 
two-dimensional output device 6, so the eyeball receives 
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information output from CCD two-dimensional array sensor 
9. Distortion correcting optical system 13 is an optical 
system that has a function to correct such the distortion 
produced by three-dimensional elliptical mirror 5. 
5 In this case, although the distortion produced by 

three-dimensional elliptical mirror 5 is corrected by 
distortion correcting optical system 13, it is quite 
difficult for only distortion correcting optical system 
13 to correct distortion produced by first fisheye-type 
10 optical system 10 and thus, with image processing device 
8, a faithful image gets obtained by a digitized distortion 
correction . 

A "f9 mirror" referred to in the specifications and claims 
is a mirror in a broad sense in that light flux emitted 
15 from a light source is made parallel light flux and is 
used herein as a generic name of a mirror with such the 
effect. 

FIG. 3 shows a principle of a third preferred embodiment 
of this invention. In FIG. 3, the f0 mirrors are configured 

20 to face one another in place of first three-dimensional 
elliptical mirror 5 shown in FIG. 2 and two focal points 
are created using first f9 mirror 15 and second f9 mirror 
14. When a first focal point (a focal point of first f9 
mirror 15) is arranged in proximity to crystalline lens 

25 2' of virtual eyeball 1 ' and a second focal point (a focal 
point of second f9 mirror 14) is arranged in proximity 
to left-eye crystalline lens 2L of left eyeball 1L, it 
can be seen that internal light flux of virtual eyeball 
1' and left eyeball 1L becomes the same light flux reversed 

30 in axis symmetry with respect to Y-axis (an axis that lies 
at right angles to a line linking focal points of two f9 
mirrors and passes through a midpoint of these two focal 
points) . In FIG. 3, optical axes of first f9 mirror 15 and 
second f9 mirror 14 are made in alignment with each other, 

35 but it is sufficient to make these axes parallel and thus 
alignment is not necessarily required. 

A schematic overview of a third embodiment of this 
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invention applying this principle is shown in FIG. 4, 
wherein there is a wide view area in an upper part of FIG. 4 
and with first fisheye-type optical system 10, a wide image 
from a wide view is compressed and a projection image is 
5 formed on CCD two-dimensional array sensor 9 . In this case, 
first f isheye-type optical system 10 has a wide-angle field 
of view and converts light flux from an object in the field 
of view into thin light flux, and thereby an image of the 
object is formed on CCD two-dimensional array sensor 9. 

10 The image formed on CCD two-dimensional array sensor 9 
is output to liquid crystal two-dimensional output device 
6 as output image information by image processing device 
8. Liquid crystal two-dimensional output device 6 is 
illuminated by a backlight and light is emitted from a 

15 pixel equivalent to the image in correspondence to the 
output image information. This light is dispersedas light 
flux to be dispersed again at a large angle with second 
f isheye-type optical system 7 . Thus, second f isheye-type 
optical system 7 is arranged such that a virtual focal 

20 point of this second fisheye-type optical system 7, that 
is, a point of emitting light, matches a position of a 
focal point of first f0 mirror 15. 

Consequently, light emitted from second fisheye-type 
optical system 7 is reflected in a broad range of first 

25 f0 mirror 15 and thereby becomes parallel light flux, and 
then the parallel light flux enters second f8 mirror 14. 
As optical axes of first f0 mirror 15 and second f9 mirror 
14 are in alignment with one another, this incident light 
converges at a focal point of second f 0 mirror 14 . Left-eye 

30 crystalline lens 2L of left eyeball 1L lies in proximity 
to this focal point, so the converged light passes through 
a crystalline lens and then a reversed image with the same 
broadening as the virtual focal point is formed on a retina 
of left eyeball 1L. Therefore, a faithful image can be 

35 obtained at the same angle as an effective viewing angle 
or a wide angle close to this effective angle. This 
arrangement produces only distortion due to a 



45 

manufacturing and attachment errors and an image hardly 
gets deteriorated thanks to a digitized correction. It 
is ideal that optical axes of first f0 mirror 15 and second 
f0 mirror 14 are made in alignment with one another, but 
5 the same effect can be obtained as far as they are parallel . 
However, in this third embodiment, as shown in FIG. 4, 
second f9 mirror 14 is not allowed to extend over so much 
to a left side of FIG. 4, so there is a limit to field of 
view capable of receiving light in a direction opposite 

10 to nose 4, and also when a movement of eyeball 1 is put 
into consideration, it is turned out that a part of a wide 
image seen by a user gets vignetted. 

This is illustrated in FIG. 5. FIG. 5 (a) illustrates a 
case where the movement of eyeball 1 is not taken into 

15 consideration and it is enough to consider only field of 
view of a range indicated by reference numeral 22. Not 
only light flux 12 entering from a front side but also 
light flux 11 and 13 entering from an oblique direction 
fully cover a range of crystalline lens 2. But, when the 

20 movement of eyeball 1 is taken into consideration, the 
range of field of view broadens out to a range indicated 
by reference numeral 22 of FIG. 5 (b) . FIG. 5 (b) is a view 
showing that an eyeball turns clockwise and in this case, 
there is no light flux entering from a direction indicated 

25 by a therein in the field of view, so it is turned out 
that this part becomes blind and thereby, a part of field 
of view is lacked. 

A principle of a fourth embodiment to solve such the 
problem is shown in FIG. 6 . In FIG. 6, to show the most ideal 

30 example, with lens 21 and spherical surface-type CCD light 
receiving sensor 20 that artificially duplicate an eyeball 
structure of a human being, a wide image is received by 
a CCD element inside the spherical surface as it is. As 
an output from image processing device 8, information 

35 output from spherical surface-type CCD light receiving 
sensor 20 emits a liquid crystal image intact as diffusing 
light flux from spherical surface-type liquid crystal 
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device 19 that artificially duplicates the eyeball 
structure of the human being via lens 18 of the same 
performance as lens 21. 

Light flux entering lens 21 is duplicated as the light 
5 flux that has the completely same optical path as one of 
light flux emitted from lens 18 . When this diffusing light 
flux can be precisely duplicated on left-eye crystalline 
lens 2L of left eyeball 1L, information of a wide area 
field of view entering lens 21 turns out to become exactly 

10 equivalent to image information entering within left-eye 
crystalline lens 2L, and thereby it is turned out that 
almost no distortion is produced. To realize this, the 
fourth embodiment uses two elliptical mirrors 17 and 16. 
Namely, a first focal point of first elliptical mirror 

15 17 is arranged in proximity to lens 18 and a second focal 
point of first elliptical mirror 17 is configured to be 
in alignment with a first focal point of second elliptical 
mirror 16 and further a second focal point of second 
elliptical mirror 16 is arranged in proximity to left-eye 

20 crystalline lens 2L. Then, the focal points of these 
elliptical mirrors are arranged in a straight line and 
a flat surface passing through a centre of a line linking 
the first and second focal points of first elliptical mirror 
17 and being orthogonal to this line and a reflection surf ace 

25 that deflects light flux of first elliptical mirror 17 
are configured to intersect. 

As a result, light flux within left eyeball section 1L 
and light flux within spherical surface-type liquid 
crystal device 19 becomes equivalent to each other, so 

30 the diffusing light flux emitted from lens 18 can be 

precisely duplicated on left-eye crystalline lens 2L of 
left eyeball 1L. It is not necessary that such conditions 
be filled completely, but distortion and other aberrations 
get deteriorated by an amount of non-filled conditions. 

35 So, when optimum conditions are not filled owing to a 
designing restriction etc, it is desirable that a digitized 
distortion correction be performed. Herein, an 
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elliptical mirror is used and more particularly, an 
elliptical mirror that has a broad reflection surface such 
that a flat surface passing through the centre of the line 
linking the first and second focal points of first 
5 elliptical mirror 17 and being orthogonal to this line 
and a reflection surface to deflect light flux of first 
elliptical mirror 17 intersect is used. 

This arrangement makes it possible to input information 
from a wide area field of view into left-eye crystalline 

10 lens 2L. Thus, the information from the wide area field 
of view entering lens 21 can be duplicated in the end as 
it is on a retina of left eyeball 1L via left-eye crystalline 
lens 2L and a faithful image can be obtained across a broad 
viewing angle. And as seen from a comparison of FIGS. 4 

15 and 6, in a case of FIG. 6, a necessary viewing angle can 
be obtained even if left eyeball 1L turns and moves since 
a sufficient broad field of view can be secured on a left 
side of left eyeball 1L. 

However, it is difficult to design spherical surface-type 

20 CCD light sensor 20 and spherical surface-type liquid 
crystal device 19 and it is expected that a manufacturing 
cost will be greatly increased. Therefore, as a 
modification example of the first through third 
embodiments of this invention, a fifth embodiment of this 

25 invention is proposed and its overview is shown in FIG. 7. 
This embodiment adopts fisheye-type optical systems 10 
and 7 of almost the same characteristics, and also CCD 
two-dimensional array sensor 9 and liquid crystal 
two-dimensional output device 6 of almost the same 

30 characteristics such as an effective field of view etc. 
Even when there is a difference in the effective field 
of view, it is possible to adjust by differentiating 
pro j ection magnifications of fisheye-type optical systems 
10 and 7, but it is desirable that distortion 

35 characteristics be met as much as possible. 

Namely, a retina of a human' s eyeball has high sensitivity 
and resolving power at its centre thereof, but the 
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sensitivity and resolving power are low at an edge thereof. 
Thus , if only a shape and movement of a thing can be observed 
at the edge thereof, this observed information' works well 
as information sufficient to perceive. Therefore, by way 
5 of first fisheye-type optical system 10, a wide area field 
of view information due to characteristics that exaggerate 
information at its centre and compress information at its 
edge is projected on CCD two-dimensional array sensor 9 
with a flat surface and is stored and this information 

10 is emitted from liquid crystal- type two-dimensional output 
device 6 with a flat surface and is restored again by second 
fisheye-type optical system 7 of the same characteristics 
as first fisheye-type optical system 10, and then image 
information is sent to crystalline lens 2L via first and 

15 second elliptical mirrors 17 and 16. This arrangement 
makes it possible to faithfully form wide area 
f ield-of-view information without lack of data at the 
central portion and with small distortion on a retina inside 
left eyeball 1L. 

20 As a fisheye lens herein, it is most effective to employ 
a nonlinear fisheye lens of which a deformation of 
distortion is small within 60 degrees of an viewing angle, 
which is the highest frequency of usage in a human being' s 
eye, and that compresses an image lying at an order of 

25 an angle of right/left 30 degrees around the 60-degree 
area. An eye's effective viewing angle in 
upwards/downwards directions is smaller than that of a 
lateral direction. And thus, when a short side of a 
rectangle is set in a longitudinal direction and a long 

30 side thereof is set in a lateral direction as a way of 
arranging CCD two-dimensional array sensor 9 and liquid 
crystal two-dimensional output device 6, it is good to 
be able to obtain a high resolving power. 

An image display device for both eyes will be described 

35 hereunder with an example of an application that modifies 
the fifth embodiment as shown in FIG. 8, but it is obviously 
needless to explain that this modification can also apply 
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to the preferred first through fourth embodiments. 

FIG. 8 is a schematic view showing a sixth embodiment of 
this invention of a binoculars-type image display device 
wherein the image display device of the fifth embodiment 
5 is provided for not only left eyeball 1L but also right 
eyeball 2L. An image display device for left eyeball 1L 
is denoted by reference numeral 23L and the same for right 
eyeball 1R is done by reference numeral 23R. It is a matter 
of course that there is a difference in spacing between 

10 both eyeballs in a human being and when this spacing 

difference cannot be corrected, viewing gets deteriorated 
and we feel uncomfortable . In this embodiment , an internal 
component is completely independent, so image display 
device cover 25 is configured such that spacing between 

15 image display devices 23L and 23R is made precisely 

adjustable as shown by an arrow corresponding to spacing 
between both eyeballs set at a boundary of a centre. 

Also, in this configuration, a light receiving section 
of wide area f ield-of -view is arranged such that spacing 

20 between first fisheye-type optical systems 10 is made equal 
to spacing between centers of both eyeballs . Namely, when 
image information is independently provided from image 
display device 23L to left eyeball 1L and also is provided 
from image display device 23R to right eyeball 1R 

25 independently, this information that is obtained by a human 
being is perceived as three-dimensional information. 
Then, if first fisheye-type optical systems 10 and CCD 
two-dimensional array sensors 9 of both image display 
devices 23L and 23R are adjusted in a separating direction, 

30 a 3-D effect of an image is increased and its effect becomes 
high when the increased effect is used in a video game 
etc. Like this , the spacing is configured to be adjustable 
depending upon usage. When first fisheye-type optical 
system 10 or CCD two-dimensional array sensor 9 interferes 

35 with second elliptical mirror 16, a position of arranging 
first fisheye-type optical system 10 or CCD 
two-dimensional array sensor 9 may be above or below second 
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elliptical mirror 16 or be removed as needed. Image 
display device cover 25 is so designed as to be removable. 

The sixth preferred embodiment as shown in FIG. 8 is a 
device that can provide a three-dimensional image, but 
5 when the device is used for viewing still information like 
news papers, magazines etc as image information, there 
is no need for a three-dimensional image. In this case, 
as FIG. 9 shows as a seventh preferred embodiment of this 
invention, first fisheye-type optical system 10 and CCD 

10 two-dimensional array sensor 9 may be doubled as image 
display devices 24L and 24R. This arrangement makes the 
device compact and affordable . But, in this case, as shown 
in FIG. 10, it is necessary that different information be 
provided to image display devices 24L and 24R as image 

15 information that puts offset corresponding to spacing 
between both eyeballs and a distance to an object into 
image information received by CCD two-dimensional array 
sensor 9. 

Namely, even if an image captured by CCD two-dimensional 

20 array sensor 9 looks like (a), an image of image display 
device 24L for a left eye is shifted toward a left side 
and a point of meeting at a position of left eyeball 1L 
becomes a centre and thereby, a field of view at a right 
side gets lacked. Contrary to this, an image of image 

25 display device 24R for a right eye is shifted toward a 
right side and a point of meeting at a position of right 
eyeball 1R becomes a centre and thereby, a field of view 
at a left side gets lacked. With this arrangement, an image 
can be clearly reproduced if a focus control corresponding 

30 to a distance to the object is performed at the same time 
even when the object observed with CCD two-dimensional 
array sensor 9 is at a near side and an illusion that the 
object is far away can be given to an observer, and this 
arrangement is useful for preventing eye fatigue. 

35 A schematic overview of an eighth preferred embodiment 
of this invention is shown in FIG. 11. This embodiment is 
an application of the seventh embodiment, wherein digital 
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video unit 28 of only an image sensor element is capable 
of being fixed into image display device cover 26. This 
device is configured such that a shoot ing target is followed 
with only a movement of a head and body while operating 
5 zoom switch 29 by left hand 30 and image information control 
device 27 composites wide area information obtained from 
first fisheye-type optical system 10 and CCD 
two-dimensional array sensor 9 and external information 
from digital video unit 28 and then the composite 
10 information is provided to image display devices 24L and 
24R. 

Both of this composite information are stored in image 
information control device 27 as image information, so 
the information can be reviewed as video data by changing 

15 an image size and a compositing way afterwards. 

Furthermore, this digital video unit 28 can be detached 
from image display device cover 26 as needed, too. 

FIG. 12 shows a way of compositing an image in image 
information control device 27. As described before, a 

20 projection image of pattern 200, as shown in (a) of FIG. 12, 
projected by first fisheye-type optical system 10 and 
received on CCD two-dimensional array sensor 9 becomes 
pattern 200, as shown in (c) thereof, of which an edge 
area is compressed. On the other hand, as shown in (b) 

25 thereof, as external information 201 input from digital 
video unit 28 does not have such distortion, and thus, 
in the event that external information 201 is overly output 
by image display device 24, it is necessary that an image 
be composited after information is corrected beforehand 

30 to information including deformation at the edge areas 
of first fisheye-type optical system 10 (in this case, 
original image of external information 201 is corrected 
to a pincushion-type image as shown in (c) ) and the composite 
image be output from liquid crystal two-dimensional output 

35 device 6. 

With this arrangement, a distortion-free faithful image 
just like (d) of FIG. 12 can be obtained in the end due 



to distortion of second fisheye-type optical system 7. 
Herein, to make distortion shown understandably, 
distortion is shown with four sides bowed outwards in FIG . 
12, but with a real fisheye lens, a square object becomes 
5 a shape like a barrel. Various shapes can be available 
depending upon characteristics of fisheye lenses. 

FIG . 13 shows a schematic overview of a ninth preferred 
embodiment of this invention, wherein image display device 
23L of the fifth embodiment is used for a single eye and 

10 control device 31 with capabilities of a personal computer 
is connected to image display device 23L and furthermore, 
portable keyboards 33L and 33R are attached to each 
fingertip of left palm 32L and right palm 32R and FIG. 14 
shows a way of compositing an image in this case. 

15 At each fingertip of portable keyboards 33L and 33R of 
FIG. 13, there are provided a sensor and a finger pressure 
sensor that detect a direction and position from a thumb 
and each movement of each fingertip is configured so as 
to be output as image information of a relative position 

20 relative to the thumb. 

In FIG. 14, it is necessary that pattern 205 displaying 
input information of a keyboard (shown in (d) ) be composited 
and a composite image be displayed within the same field 
of view along with pattern 200 (shown in (b) ) projected 

25 by first fisheye-type optical system 10 and received by 
CCD two-dimensional array sensor 9 like display pattern 
203 (as shown in (c) ) requiring high resolving power output 
from a computer and tool bar 204 (shown in (a) ) displayed 
on an edge area of a computer screen. 

30 As described before, the image output from liquid crystal 
two-dimensional output device 6 includes information of 
distortion produced by the first fisheye-type optical 
system and image information is compressed on an edge area 
shown in FIG. 14 (e) . Then, tool bar 204 and keyboard input 

35 display pattern 205 that are image information from an 
external are converted into image information such that 
distortion of second fisheye-type optical system 7 is 
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reversely corrected and then converted image information 
is composited. As result of this, the composite image 
information is restored as a distortion-free projection 
image like an image of (f) on a retina of an eyeball due 
5 to distortion of second fisheye-type optical system 7, 
so faithful image information is provided. And, a 
distortion correction is not performed on display pattern 
203 that requires high resolving power of a computer. The 
reason is that display pattern 203 is positioned at a centre 

10 of field of view in FIG. 14 and thus there is no need for 
considering an effect of distortion. 

FIG. 15 is an explanatory view explaining a tenth 
preferred interchangeable embodiment, wherein an image 
information input device including first fisheye-type 

15 optical system 10 and CCD two-dimensional array sensor 
9 is detachable from an image information output device 
such as liquid crystal two-dimensional output device 6 
and second fisheye-type optical system 7 etc. Generally, 
image information input device 35 may be attached in a 

20 case of an image of a wide area image, and three-dimensional 
image input device 36 including independent first 
fisheye-type optical system 10 and CCD two-dimensional 
array sensor 9 with respect to a left and right eyes may 
be attached in the event of a image of a three-dimensional 

25 wide area image, and high magnification image input device 
37 including an optical system with a long focal length 
and an image pick-up element may be attached in case of 
an enlargement image. 

In this diagram, to shorten a depth of an image display 

30 device, a folding mirror is used in second fisheye-type 
optical system 7 of image output devices 34L and 34R that 
are an image information output device and liquid crystal 
two-dimensional output device 6 is arranged in a lateral 
direction. As a resolution of an image of this device 

35 largely relies on a size of a liquid crystal element, it 
is desirable to become a large image as much as possible 
by the second fisheye-type optical system 7 and to decrease 
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the size of the liquid crystal element relative to the 
image . 

Regarding the large image, use of a non-telecentric 
optical system enables to design an overall fisheye-type 
5 optical system to be compact and thereby permits to get 
a large screen of a liquid crystal section. But, in this 
case, an illuminating light beam of the liquid crystal 
section is required to have a direction in correspondence 
to the fisheye-type optical system. Furthermore, 

10 splitting of light flux and use of the liquid crystal section 
of three pieces of G, B and R used in a projector make 
it possible to enjoy a high resolution image equivalent 
to a projector at a wide field of view although a physical 
size becomes bulky. 

15 Furthermore, use of the liquid crystal section of three 
pieces of R, B and R brings about an advantage that an 
adjustment of each magnification of G, B and R against 
lateral chromatic aberration produced by a relay lens 
optical system enables to reduce a number of achromatic 

20 lens elements. But, as described before, as the image 
output device in itself becomes bulky, there is a 
disadvantage that a device mounted on a head such as a 
head-mounted display or glasses-type display is too heavy. 
In order to improve this, there is a way in which the image 

25 output device is fixed somewhere other than the user, but 
this has a problem that a fixed position does not permit 
to deal with any posture of the user and causes the user 
a sense of restraint. To solve this problem, as described 
later, it is desirable that at least a part of the image 

30 display device be constructed so as to be supported 

somewhere rather than the user to contact with a face of 
the user, and to be movable corresponding to a movement 
of the user's face. 

On the contrary, liquid crystal two-dimensional output 

35 device 6 may be replaced with something like a photographic 
film taken with the first fisheye-type optical system. 
By moving the film with a revolver or a slider, an image 



such as a pro j ected positive film when illuminated by light 
can be enjoyed- Such the arrangement can be used as a toy 
or a way of storing a picture and in any case, the embodiment 
permits an observer /user to feel a sense of realism that 
5 has never been experienced before. 

In the foregoing explanation, it has been given on a basis 
of the embodiments using primarily the elliptical mirror, 
but in the case of the foregoing configuration, a focus 
position of a Z direction, that is, an image plane does 

10 not become completely symmetric even by way of two 

elliptical mirrors. FIG. 17 is a view showing a position 
with "o" where parallel flux incident upon crystal ball 
A from three different directions are converged within 
a fisheye optical system using two elliptical mirrors. 

15 Like this, it can be seen that asymmetry of a large image 
plane occurs due to a direction of flux and thus it becomes 
necessary to deepen a deep depth of focus by considerably 
stopping down an image output from liquid crystal 
two-dimensional output device 6 around a pupil or a 

20 correction optical system that corrects asymmetry of this 
image plane is needed. 

However, a field of view covering a continually moving 
eyeball cannot be gained with the foregoing arrangement, 
so it becomes necessary to alleviate asymmetry of the image 

25 plane. In FIG. 18, in order to solve this problem, 

correction optical system 43 is inserted in proximity to 
a common focus position of both of elliptical mirrors 16 
and 17 so that the asymmetry of the image plane is alleviated . 
Correction optical system 43 employs an aspherical lens 

30 that has an action of a lens of a strong power letting 
a focus in front of correction optical system 43 be formed 
again and an action ofalensofa weak power in its orthogonal 
direction. This arrangement enables to change each focus 
position freely and obtain a wide field of view in a state 

35 of the asymmetry of the image plane being alleviated. 

An application example using f9 mirror will be described 
below. A shortcoming of a technology using the f9 mirror 
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is that the f9 mirror cannot get a wider field of view 
than an elliptical mirror. To improve this, a method of 
making a wide field of view of a human being small first 
and then using the f0 mirror is effective. This method 
5 will be explained using FIGS. 19, 20 and 21. 

FIG. 19 is a method in which a reverse f isheye lens system 
(this system functions as an eyepiece optical system) is 
arranged at eyeball 44 and a virtual image corresponding 
to a wide f ield-of -view image projected on a retina of 

10 eyeball 44 is created. Light flux that has a position of 
forming an image on the retina of eyeball 44 is overly 
deflected by eyepiece lens 45 of a flat surface that faces 
eyeball 44. At a surface of eyepiece lens 45 opposite 
eyeball 44, a lens of a curvature such that a centre of 

15 the curvature of the surface becomes approximately a centre 
of eyeball 44 is employed and light flux incident upon 
the curved surface isapproximately orthogonal to a line 
tangent to the curved surface. Furthermore, a surface of 
lens 46 facing eyeball 44 is also a flat surface and light 

20 flux incident upon a curved surface thereof formed on a 
surface thereof opposite eyeball 44 is approximately 
orthogonal to a broken line of the curved surface by using 
a predetermined curvature and lens materials. The 
foregoing conditions being satisfied, a faithful image 

25 can be obtained without practically producing coma on both 
of the flat and curved surfaces (chromatic aberration is 
not referred to herein, but it is necessary to consider 
it within a whole system covering from the liquid crystal 
device to eyepiece lens 45, so nothing is described 

30 specifically here) . 

But, at this stage, light flux emitted from eyeball 44 
still tends to disperse. Therefore, it is desirable that 
the f9 mirror be used in order to relay the light flux 
to a liquid crystal two-dimensional output device of a 

35 predetermined size (in the foregoing description, for a 
convenient sake, it is described that light flux is emitted 
from an eyeball, but in fact, the light flux from the liquid 
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crystal two-dimensional output device reaches a retina 
of eyeball 44 . ) . 

An explanation about configuration 55 of an optical 
system will be given using FIG. 2 0 . Light flux emitted from 
5 liquid crystal two-dimensional output device 54 becomes 
dispersing light flux by lenses 53, 52 and 51 constituting 
a second fisheye-type optical system and the dispersing 
light flux becomes parallel light flux with fG mirror 50. 
The parallel light flux enters inside eyeball 44 at a wide 

10 viewing angle as converged light flux by line symmetric 
f6 mirror 49 arranged opposite f6 mirrors 50 such that 
a pupil position of this optical system becomes a centre 
of f 0 mirrors 50 and 49, and then an image of two-dimensional 
liquid crystal output device 54 is formed on the retina 

15 by the reveres fisheye-type optical system of eyepiece 
lens 47 and lens 48 as described in FIG. 19. With this 
arrangement, as a broadening angle of light flux is 
broadened by lenses 53, 52 and 51 and the f0 mirror is 
used, and the broadened broadening angle of the light flux 

20 is restored to the original angle thereof again by the 
reverse fisheye-type optical system of eyepiece lens 47 
and lens 48, and the light flux of the restored original 
angle enters eyeball 44, this arrangement enables to obtain 
a wide field of view more effectively than the f9 mirror 

25 as described before in FIGS. 3 and 4. FIG. 21 shows that 
such systems 55L and 55R are separately arranged to each 
of left and right eyes, wherein an asymmetric image plane 
at using the elliptical mirror is not formed. 

But, when the foregoing arrangement is used, an 

30 asymmetric image plane is not formed, convex-type 

curvature of field easily produced when using a fisheye 
lens is not corrected and remains as it is. The closer 
to an edge of the image plane, the larger this curvature 
of field and thus it becomes necessary that a pupil be 

35 stopped down. 

Therefore, another example in which this curvature of 
field is corrected by way of a curved mirror will be 



described referring to FIG. 22. For a simple sake, FIG. 22 
shows an example in which principal rays of diverging light 
flux emitted from centre 0 of spherical surface 56 become 
parallel using the arrangement as described in FIG. 19 and 
5 simply shows that distortion has a shape like y = sin0 
(0 is an angle from a centre of an object) . Namely, when 
there is no curvature of field, let fifty-ninth (59) be 
a surface of forming an image and then a real surface of 
forming an image is as indicated by fifty-seventh (57) 

10 and let y be a distance of surface 59 of forming an image 
in the case of non-curvature of field and a distance of 
real surface 57 of forming an image, hence y = sinO as 
shown in FIG. 22. 

This means that ideally, light emitted from the flat 

15 surface of forming an image must converge at point O, but 
in actual fact, the light emitted from surface 57 of forming 
an image converges at point 0 due to curvature of field. 

If this parallel light flux is reflected with a flat 
surface mirror, a condition of curvature of field remains 

20 unchanged at all. But, when curved mirror 58 of a 

predetermined curved surface is arranged in proximity to 
this surface 57 and reflects the parallel light flux, a 
focus position varies depending upon the curved surface. 
For instance, principal ray e enters curved mirror 58 

25 at right angles and is formed at point B on a surface of 
curved mirror 58 at a centre position of curved mirror 
58, so this is the same that each beam of light d, f and 
e is reflected by a flat surface mirror and a position 
of a virtual light source of the reflected light remains 

30 unchanged at point B . But, beams of light a, b and c forming 
at point A in the neighborhood are reflected toward 
directions of a' , b' and c' by curvedmirror 58 and a virtual 
light source of the reflected light is formed at a position 
of A' . Similarly, beams of light g, h and i forming at 

35 point C in the neighborhood are reflected toward directions 
of g' , h' and i' by curved mirror 58 and a virtual light 
source of the reflected light is formed at a position of 



C . Like this, when a reflection surface of curved mirror 
58 is formed such that A' , B' and C are formed on 
image-forming surface 59 of the same flat surface, 
curvature of field produced by spherical surface 56 can 
5 be eliminated by using the reflection by curved mirror 
58. 

Conversely, when the curved mirror reflects light flux 
to be formed on image-forming surface 59 of a flat surface, 
the real image-forming surface becomes fifty-seven (57) 

10 and a formed image thereon has curvature of field. As this 
beam of light passes through curved surface 56, the 
curvature of field is cancelled out and the beam of light 
is formed at the centre of curved mirror 56. 

This curved mirror can optionally adjust a virtual focus 

15 point depending upon various conditions, but in 

compensation for of this adjustment is that telecent ricity 
tilts, namely, principal ray emitted from an obj ect surf ace 
does not become parallel to an optical axis, so, if an 
extreme correction is made, a tilt of telecentricity 

20 becomes large and thus there is a risk that light flux 
might go out of an effective lens aperture. Therefore, 
it is desirable to use an aspherical surface that lets 
an incident angle of the light flux and the curved surface 
intersect approximately at right angles such that a 

25 reflection surface of the curved mirror comes within depth 
of focus and telecentricity is not overly deflected at 
a part where a N.A. is small and the depth of focus is 
shallow, and lets the virtual focus point lie on 
image-forming surface 59 of a flat surface in proximity 

30 to a centre where the N.A. is large and the depth of focus 
is shallow. 

Thus, the foregoing ideal image-forming surface can be 
obtained by so designing such that a curvature of an 
aspherical reflection surface of curved mirror 58 becomes 
35 an integral surface of a tangent surface that has a middle 
tilt of a tilt of a surface tangent to each curved surface 
of curvature of field and the virtual focus point surface 
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at each position and a tangent surface having a middle 
tilt between the tilts of each tangent surface. 

An example of a preferred embodiment of display device 
75 using this technology will be described below in 
5 reference to FIG. 23. An upper side of this diagram 

represents a front-side direction of viewing. Polarizing 
beam splitter 65 reflects light flux emitted from liquid 
crystal panel 74 via lenses 73 and 72 and the light flux 
makes circularly polarized light by A,/f our-plate 66 and 

10 then lenses 67 and 68 form post-correction image plane 
71 in proximity to correction curved surface 70 of curved 
mirror 76'. Post-correction image plane 71 formed is a 
flat surface, so that a projected image is also 
approximately flat (equivalent to image-forming surface 

15 59 of the flat surface in FIG. 22) since a surface of the 
liquid crystal panel is a flat surface. Being reflected 
by correction curved surface 70, the light flux is formed 
on predetermined curved image plane 69 as described in 
FIG. 22. X/f our-plate 66 and polarizing beam splitter 65 

20 are for gaining a light amount and thus, when the light 
amount is sufficient, a conventional half-mirror can be 
substituted for them and A,/f our-plate 66 can be omitted, 
too. Also, when a liquid crystal member of three-piece 
G, B and R is used, three liquid crystal elements have 

25 an inherent specific polarized azimuth, so, in the event 
that X/f our-plate 66 is used, it is necessary that an 
attention like implementing random polarization etc be 
paid . 

Light flux reflected on correction curved surface 70 and 
30 emitted from a virtual image formed on curved image plane 
69 become straight polarized light by X/four-plate 66 via 
lenses 68 and 67 and the straight polarized light transmits 
through polarizing beam splitter 65 and further passes 
through crystal ball 61 by fisheye-type optical system 
35 64, and an image on a surface of liquid crystal panel 74 
is clearly pro j ected onto retina 60 of eyeball 62 . Namely, 
curved image plane 69 is a surface such that light exiting 
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from the curved image plane 69 cancels out curvature of 
field of second f isheye-type optical system 64 and is formed 
on retina 60, and a shape of correction curved surface 
70 is determined such that the image of liquid crystal 
5 panel 74 formed on post-correction image plane 71 formed 
after correction forms image plane 69 of such the curved 
virtual image . 

This embodiment enables to correct curvature of field 
produced by the fisheye-type optical system, so this 
10 embodiment can be applied to an image pick-up device having 
the same distortion characteristics as this invention. 
FIG. 24 is a schematic view of image pick-up device 90, 
wherein a lower part of this diagram represents a direction 
of viewing. Light flux from an external passes through 
15 aperture stop SB and enters lens systems 89 and 88 

constituting a fisheye-type optical system with an angle 
of an order of 140 degrees and after transmitting through 
deflecting beam splitter 82, the light flux reaches 
correction curved surface 84 via A,/f our-plate 81 and lenses 
20 87 and 86. 

As lens systems 89 and 88 constituting a fisheye-type 
optical system have strong curvature of field, an 
image-forming surface becomes a curved image-forming 
surface as shown by eighty-eight (85) . But, with 
25 reflection by correction curved surface 84 of 

curvature-of-f ield correction mirror 90' , curvature of 
field is corrected as described before and an image -forming 
surface of reflected light becomes post-correction 
image-forming surface 83 of a flat surface. Then, light 
30 emitted from post-correction image-forming surface 83 is 
reflected by deflecting beam splitter 82 via lenses 87 
and 86 and X/f our-plate 81 and is introduced to pupil 
variable aperture 79 by lens 80 . Light flux that is stopped 
down to a predetermined size by pupil variable aperture 
35 79 is affected by actions of lenses 78 and 77 and then 
an image of an external world is projected on CCD 
two-dimensional array sensor 76. 
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An image-forming surface in proximity to CCD 
two-dimensional array sensor 76 is curved and, in fact, 
lies at a position of predetermined radius R that is a 
distance from lens 8 9 up to CCD two-dimensional array sensor 
5 76. Accordingly, an image existing at a radius rather than 
predetermined radius R is configured to be out of focus. 
Herein, the more pupil variable aperture 79 is stopped 
down, the smaller N.A and the deeper the depth of focus, 
so it becomes possible to focus on an object in a radius 

10 of a predetermined broad range. 

In a case where information output from CCD light sensor 
element 76 is played back with display device 75 as shown 
in FIG. 23, a clear image can be played back at a focus 
position by opening pupil variable aperture 79 and 

15 incorporating a focus device into image-forming device 
90 although an image outside of the focus position becomes 
blurred when a clear image is required. Contrary to this, 
when information in all rather than a clear image is needed, 
. an image of great depth of focus can be enjoyed by stopping 

20 down pupil variable aperture 7 9 when the image is played 
back with display device 75. 

Like this, by way of display device 75 and image-forming 
device 90 as shown in FIGS . 23 and 24, a system capable 
of observing an image of a hitherto unseen wide view can 

25 be achieved. However, it cannot be said that the foregoing 
arrangement makes the most of an effect of this invention 
fully and further improvement makes it possible to discover 
high value thereof. Thus, a product profile making the 
most of this invention will be further made clear and a 

30 system to achieve this invention will be explained below. 
Let an object to achieve with a system capable of 
outputting a wide view on a display device be more specific 
as follows. 

_1. Do not get felt eyestrain 
35 2. Get realism of a cinema theater exceeding a projector 
3. Get a high image quality better than a projector 
_4 . Get a three-dimensional image without an uncomfortable 
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feeling 

_5. Get a new function of a high value added exceeding a 
human eye 

Regarding 1, a necessary system becomes clear with an 
5 analysis and improvement of eyestrain. First of all, 
position eyestrain as a present-day disease and consider 
a system that eliminates its cause. 
(1) Long-hours use of a TV and computer 

A display stays nearby us and an eye is kept on a screen. 
10 => Desire to view something different and far ahead. 

As for an order of fatigue, TV > projector > cinema theater 
=3> Viewing something at a long distance does not cause an 
observer eyestrain . 

(2 ) Use of a commercially available wearable display device 

15 (a) A viewing angle is narrow (30 degrees) and a focus 
position is fixed (2m ahead) . Obtained information is 
so limited. => In a video game, an eye is shifted laterally 
(a lateral eye movement) (a wide angle) and thing rather 
than a video screen can be viewed at a wide viewing angle 

20 (a wide angle and a variable focus position) . 

(b) Workload takes place to the observer when focusing 
eyes. An image quality is inferior to a typical TV. 
(3) Keep on chasing a fast moving subject 
In a train and a vehicle in an amusement park, an actively 

25 moving and nearby object is viewed. => Swaying a head lets 
a line of sight be fixed or a still subject is found out 
and it is viewed . 

With consideration of the foregoing results, high 
likelihood conditions that do not cause eyestrain are to 

30 broaden a field of view, enhance an image quality, enable 
to sway an eye laterally and view a subject at infinity, 
have a different focus point at a plurality of focus points 
and secure a motionless image within a field of view. By 
satisfying such the conditions, eyestrain can be 

35 alleviated. 

Next, Let's talk about realism of a cinema theater 
exceeding a projector {2) . A human being feels a 
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perspective by making both eyes cross-eyed. An amount of 
cross-eyed determines a focus position arbitrarily. Even 
by way of a high performance projector, a projection 
distance exists as below and a wide image at a long distance 
5 cannot be enjoyed in a space of a house like in a cinema 
theater house. 

FIG. 25 is a view explaining the above description 
understandably, wherein, for instance, when an image 
output from a liquid crystal element projected onto field 

10 of view of a human being is an image at infinity, as shown 
in (b) , the image is projected such that each image can 
be viewed at positions of aL and aR on parallel light flux. 
But, when the image lies at a close distance, as eyes are 
cross-eyed and thereby a focus of eyes is arbitrarily so 

15 set as to see things at a close distance, so the image 
is projected such that the image output from liquid crystal 
element gets close inside and each image is viewed at 
positions of bL and bR and it is necessary that focus of 
a projection optical system up to crystal balls 2L and 

20 2R and an image output from a liquid crystal two-dimensional 
display device be aligned with the positions of bL and 
bR accordingly. 

In this case, it is conceivable that the image output 
from the liquid crystal element is shifted electrically 

25 or with a software application, but optical harving may 
be used. 

When the optical harving is used, as there is no loss 
of data on a marginal area, the optical harving has an 
advantage that the optical harving can secure a broader 

'30 f ield-of-view image than the shift by the electrical 

process or software application. Namely, if the image 
display device is configured such that a virtual image 
plane can be created optionally from a close-up image to 
an infinity image like points c, d, e and f in FIG. 25 (a) 

35 by including the focus device and giving projection images 
of both eyes the lateral shift, it becomes possible to 
feel realism exceeding a cinema theater as if a screen 
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floats in a sky. 

Next, let's touch on item _3 "Get a high image quality 
better than a projector". Currently, there are varieties 
of projectors available on the market from so-called QVGA 
5 of resolution: (number of horizontal pixels ) 320 x (number 
of vertical pixels) 240 dots to SXGA of three-time 
resolution of 1280 x 1024 dots wherein a color image of 
1280 x 1024 dots is separately created by three pieces 
of GRB liquid crystal elements and three images are put 
10 together to one image of three-time resolution of 1280 
x 1024 dots. 

If this embodiment of this invention uses a device of 
a low resolution, its liquid crystal element is visible 
in a large screen like a cinema theater size and thus realism 

15 gets lost. Therefore, when an image quality better than 
that of a projector is desired, it is requisite to adopt 
a so-called SXGA technology in which a color image of 1280 
x 1024 dots is separately created by three pieces of GRB 
liquid crystal elements and its resolution is boosted to 

20 three-time resolution by compositing, and if this 

technology has a priority over others by all means, a 
glasses-type display device or a head-mounted display 
device becomes intolerable in its size as well as weight. 
Then, as an example, an embodiment of this invention 

25 adopts a floor-standing type display device with a 

360-degree viewing angle as shown in FIG. 31 . Although the 
display device may be fixed onto a chair and/or a bed, 
this floor-standing type display device is perceived as 
a best when considering its ease-of -use mobility in a house . 

30 This system can be connected to DVD, video cassette deck 
and TV image output device 114 etc and is also connectable 
to a personal computer and video game device 113 etc like 
a conventional projector. This system is designed such 
that image composite/converter 121 converts images of 

35 these current contents to non-distorted images on a display 
device and a plurality of images can be displayed at a 
time on a display device. 
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With this system, image information from output device 
114 and video game device 113 can be displayed by converting 
the image information with whole viewing angle display 
device 118 supported by anti-vibration articular bar 116 
5 having a plurality of articular sections via support 
section 115 of an extensible extension bar. Herein, this 
system is provide with weight member 117 to cancel out 
weights of anti-vibration articular bar 116 and whole 
viewing angle display device 118 and a articular system 

10 is devised such that a user does not feel its weight and 
further the system follows a face movement. 

Basically, a user feels only inertia force in moving 
anti-vibration articular bar 116 and whole viewing angle 
display device 118, and thus, with adoption of this system, 

15 a high quality image can be obtained. Furthermore, with 
adoption of this floor-standing display device, the high 
quality liquid crystal element can be separately arranged 
to both eyes, so, if a pitch between the liquid crystal 
elements is set so as to be displaced by half in the 

20 right/left images, a double high quality image can be 
obtained and thus it becomes possible to get an image quality 
exceeding that of a projector. 

In this embodiment, the system is further provided with 
headphone 120 for cinema and DVD entertainments, 

25 suction-type face fitting device 119 allowing this system 
to be gently fitted on a face and microphone 127 for input 
of a voice for use in a personal computer/e-mail etc and 
this system is configured such that virtual keyboard 122 
as shown in FIG. 13 and information of an operation button 

30 can be output to a peripheral portion of a display image. 

Next, let' s move on item j4 "Get a three-dimensional image 
without feeling uncomfortable". Image pick-up device 90 
is already described in FIG. 24, but, FIG. 30 shows two image 
pick-up devices for both eyes (102L, 102R or 1021/ , 102R' ) 

35 basically arranged at the same spacing as the both eyes 
for both eyes . When an image is output by two whole viewing 
angle display devices 118 of two display devices 75 shown 
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in FIG. 23 and is arranged at the same spacing as that of 
eyes for both eyes, the image can be observed as 
three-dimensional image. In the diagram, the image 
pick-up devices (102L and 102R) are arranged on image 
5 pick-up rotary device 111 and image pick-up tilt device 
112. 

In an image pick-up device for both eyes as shown in FIG . 30 
(b) , the image pick-up device for both eyes includes display 
devices 94L and 94R on a face side that display images 

10 of image pick-up devices 1021/ and 102R' . Namely, this 
is an example of wearable image pick-up devices with a 
display device . 

However, such a displayed 3-D image is the same as the 
one seen through polarized glasses in a movie theater, 

15 wherein an image of an object viewed at a close range is 
blurred although it looks in a three-dimensional way and 
is different from an image of the object actually viewed 
at a close range by a human being. This is because, as 
explained in FIG. 25, we cross eyes when observing an object 

20 at a close range and then focus our eyes on it arbitrarily, 
so the image of the object in itself still exists on the 
screen although an illusion of the object lying at a 
quasi-close distance is successfully given by shifting 
images of both eyes inwards on a long-distance screen, 

25 and then the image on the screen and the image on the retina 
become defocused images. 

As a solution for solving this problem, in order to 
duplicate an image like a 3-D image actually viewed through 
eyes, an automatic focus system is built in display device 

30 75 as shown in FIG. 75 and a focus control is performed 
based upon information about a focus/image shift of the 
image pick-up devices for both eyes (102L, 102R or 102L' , 
102R' ) , and then any image at any position has no 
artificiality and thus a clear 3-D image can be obtained. 

35 Herein, focus information of the image pick-up devices 
for both eyes (102L, 102R or 102L' , 102R' ) is information 
about an auto-focused image at a centre position of the 
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devices and is provided to whole viewing angle device 118 
and display devices 94L/ 94R along with image information. 
As for a method of providing, it takes a method in which 
information is written into a portion of a storage device. 
5 As explained about image pick-up device 90 in FIG . 24 , when 
pupil variable aperture 79 is opened, a central image 
observedby the image pick-up device for both eyes (94L/94R 
orl02L/102R) is seen clearly and another image except for 
the central image is seen blurred, that is, the same image 
10 as viewed by a human being can be provided. 

On the other hand, when pupil variable aperture 7 9 is 
stopped down, all images are seen clearly to some extent, 
so that an illusion image can be created such that an object 
at a long distance is contracted at a close range and an 
15 object at a close range is enlarged at a long distance 
when images on both eyes are caused to be shifted 
intentionally on the display device projecting onto a 
retina and a focus is set up based upon an amount in a 
shift. And, the focus system can provide offset on each 
20 eye separately and thus when a suitable setting for eyesight 
of an observer is implemented, there is no need for wearing 
glasses or a contact lens. 

Lastly, let' s discuss about item 5. "Get a high value added 
new function exceeding a human eye". Use of the foregoing 
25 functions so far enables to enlarge a personal computer 
screen at a long-distance position, so children' s impaired 
eyesight due to a long-hour watching of a subject at close 
distance can be prevented. Furthermore, eyestrain 
derived from a long-hour viewing of a personal computer' s 
30 display can be improved by an effect of this invention. 

An embodiment of this invention to achieve all of 1. Do 
not get felt eyestrain, 2. Get realism of a cinema theater 
exceeding a projector, 3^. Get a high image quality better 
than a projector, 4_. Get a three-dimensional image without 
35 an uncomfortable feeling, and 5. Get a high value added 
new function exceeding a human eye as described above will 
be described below in reference to FIGS. 28 and 29. 
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FIG. 28 is a view to explain display device 94 and FIG. 29 
is a view to explain image pick-up device 102. 

FIG. 28 has common parts in the device in FIG. 23, so 
explanations about the common parts will be omitted herein 
5 and a different point will be mainly explained. 

Furthermore, a following explanation refers to only a part 
of a left-eyeball, but a part of a right-eyeball has the 
same configuration, too and thus it is needless to say 
that the part of the right-eyeball provides the same 

10 function and effect. 

First of all, to deal with a focus arbitrarily set with 
a human-being crossed eye, fisheye-type optical system 
64 is replaced with fisheye/AF (automatic focusing) 
optical system 95 that arranges an automatic focus control 

15 system in a fisheye-type optical system including an 

eyepiece lens. With arrangement of this automatic focus 
system, a focus control can be implemented with almost 
no change of an image-forming position by 
curvature-of-f ield correction mirror 104 in 

20 correspondence to a state of the human-being crossed-eye. 

In the image display device of FIG. 28, as liquid crystal 
panel 74 , a whole f ield-of -view viewable VGA liquid crystal 
element is used. Hereinafter, liquid crystal panel 7 4 will 
be referred to as whole f ield-of -view viewable VGA liquid 

25 crystal element 74. Light emitted from whole 

f ield-of -view viewable VGA liquid crystal element 74 
transmits through half mirror HM after passing through 
AF (automatic focus) optical system 96, and is introduced 
by an optical system almost equal to the one as described 

30 in FIG. 23 and then an image of whole f ield-of -view viewable 
VGA liquid crystal element 74 is formed on retina 60 of 
eyeball 62. 

On the other hand, light emitted from high resolution 
three-piece SXGA liquid crystal element 101 passes through 
35 AF (auto focus) system 99, and is introduced to zoom opt ical 
system 98. Zoom optical system 98 changes magnification 
by moving a negative lens back and forth. Then, The light 
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passing through position shift harving 97 for two eyes 
is reflected on half mirror HM and is introduced by an 
optical system almost equal to one as described in FIG. 23, 
and then an image of high resolution three-piece SXGA liquid 
5 crystal element 101 is formed on retina 60 of eyeball 62. 
With this configuration, all the effects of the foregoing 
1_ through 5 can be obtained and a new effect as shown in 
FIG. 2 6 is created. FIG. 2 6 shows in more detail a case where 
an image is optically composited with the half mirror by 

10 using a compositing method of image information control 
device 27 shown in FIG. 12, and shows an image on a side 
of the left-eyeball as an example herein. 

FIG. 26 shows a field of view of this embodiment in a 
two-dimensional way as practically necessary viewing 

15 angles of -50 to +40 degrees in a longitudinal direction 
and -75 to +65 degrees in a lateral direction. As a matter 
of course, large distortion occurs because an image is 
projected onto eyeball 62 using the fisheye-type optical 
system, but the same concept as the one shown in FIG. 12 

20 may be applied to handle this distortion . Preferably, the 
foregoing problem can be solved by introducing distortion 
with reverse characteristics to distortion of the optical 
system proj ecting onto the eyeball with the optical system 
from the half mirror to the liquid crystal element, thereby. 

25 Anyway, FIG. 26(a) shows image 91 output from whole 

f ield-of-view viewable VGA liquid crystal element 74 for 
a left eye, wherein the image display device is configured 
such that the image can be viewed across whole field of 
view. A blank portion at a centre thereof is a portion 

30 where an image is composited by half mirror HM and image 
92 output from high resolution three-piece SXGA liquid 
crystal element 101 for a left eye is composited. 

In the meanwhile, image 92 output from left eye 
f ield-of-view viewable high resolution three-piece SXGA 

35 liquid crystal element 101 is shown in (b) of FIG. 26. An 
angle of output image 92 is smaller than viewing angles 
of -50 to +40 degrees in a longitudinal direction and -75 
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to +65 degrees in a lateral direction by using zoom optical 
system 98 as described above. The viewing angle .of the 
image is variable from ±15 degrees (equivalent to an image 
of 52 inch square at 2m ahead) to the above-defined largest 
5 degrees, and image 92 output from left eye f ield-of -view 
viewable high resolution three-piece SXGA liquid crystal 
element 101 can be obtained as a high quality image of 
horizontal pixels 1280 x vertical pixels 760 dots. 

The reason why an image to be viewed is separated into 

10 image 91 output from left-eye whole f ield-of -view viewable 
VGA liquid crystal element 74 and image 92 output from 
left-eye f ield-of-view viewable high resolution 
three-piece SXGA liquid crystal element 101 and the 
separately formed images are composited is that viewing 

15 angles of contents about DVD, VIDEO and BS (Broadcasting 
Satellite) images etc currently available in the market 
are predetermined and an image size suitable for its image 
quality is more preferable than the wide viewing angle. 
Namely, if an angle of view is broadened needlessly, 

20 roughness of a pixel become discernible and thereby a 
disadvantage that poorness of an image quality is annoying 
becomes larger than an advantage that a large screen is 
obtained. Therefore, in this embodiment of this invention, 
an angle of view is set so as to be most suitable angle 

25 of view to these contents by way of a zoom unit and under 
any setting thereof, image 92 output from high resolution 
three-piece SXGA liquid crystal element 101 is configured 
to be capable of obtaining a high quality image of horizontal 
pixels 1280 x vertical pixels 760 dots at all times. 

30 When output images 91 and 92 are composited with half 
mirror HM, composite image 93 as shown in FIG. 26(c) is 
obtained and is projected on a retina. If the image is 
processed electrically and with a software application, 
horizontal/vertical resolutions of 1280 x 760 dots are 

35 split in accordance with an angle of view corresponding 
to a maximum screen, so that the resolution within a 
predetermined angle of view gets deteriorated. But, use 
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of an optical zoom is very effective in this regard and 
a display device of a high image quality can be provided. 

An explanation about a role of image 91 output from whole 
f ield-of -view viewable VGA liquid crystal element 74 will 
5 be further given in detail. Output image 91 is configured 
to cover almost whole field of view of a human being and 
by controlling AF optical system 96, any focus position 
can be set as described above. Even if image 92 output 
from high resolution three-piece SXGA liquid crystal 

10 element 101 is set in such a way that the image is viewed 
at a close distance by a control of AF optical system 99, 
image 91 output from whole f ield-of -view viewable VGA 
liquid crystal element 74 is settable so as to be positioned 
at infinity as well by way of AF optical system 96, so 

15 that a plurality of focus images in responsive to any of 
lateral brisk eyeball movements in order not to cause 
eyestrain can be provided. 

Once a plurality of focus images are composited, a fixed 
image at a different focus position can be created as one 

20 image in the event that other image displays an active 
movement. Namely, when a human eye focuses on the fixed 
image, other actively moving image becomes defocused and 
then information of a display about the actively moving 
image can be alleviated from human consciousness. This 

25 can alleviate the sickness in VE developed by following 
an actively moving image, and, on the whole, this is 
effective in relieving eyestrain. 

Furthermore, in order to prevent an accident like a 
blackout developed when a child keeps on eyeballing a TV 

30 image and impaired eyesight developed by viewing a 3-D 
image against the laws of nature, there are some general 
consumer products like wearable display device etc that 
a children, who is 16 years old and below, is prohibited 
from wearing. However, in this invention, the system is 

35 configured so as to provide a plurality of focus images 
and duplicate a state where a 3-D image etc is naturally 
viewed with an eye and furthermore the system has a function 
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that sets an image to infinity so as not to eyeball a close 
range object and an adjustment system that matches spacing 
between eyes, so it is effective that this invention can 
provide an easier image on an eye than a typical personal 
5 computer and TV entertainment. 

And, by regularly outputting a character image etc to 
image 91 output from whole f ield-of -view viewable VGA 
liquid crystal element 7 4 and thereby, causing viewer's 
attention to be directed toward output image 91 
10 intentionally, the system can be used in such a way that 
eyeballing image 92 output from high resolution 
three-piece SXGA liquid crystal element 101 is avoided 
as well, so this invention further has an easy effect on 
an eye, too. 

15 When output image 92 is changed to any size using the 
zoom system as described above, certainly it is necessary 
that the zoom system be controlled so as to limit a range 
of output image 91 such that the changed size does not 
overlap with the image. Principally, frame portions of 

20 both images are controlled so as to slightly overlap with 
each other and an overlapped portion of output image 91 
is set to an image with a bright frame, the overlapped 
portion looks like a frame on a screen or TV and thus nobody 
has a sense of abnormality to a composite image. 

25 And, the VGA liquid crystal element is used for the whole 
field of view, but if a viewing quality of an image is 
poor with this element, it might lead to reducing realism, 
too. Inherently, a marginal image is for not having 
blackout and/or eyestrain felt and thus there is no need 

30 for dealing with a vigorously changing motion image. 

Therefore, a late response-type liquid crystal element 
for a still image of high resolution used in a digital 
camera etc may be adopted. 

A method of compositing image 91 output from whole 

35 f ield-of -view viewable VGA liquid crystal element 74 and 
image 92 output from SXGA liquid crystal element 101 has 
been described so far and if this composite is applied 
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to both eyes separately, a total of four liquid crystal 
elements are needed. But, this is not preferable even from 
a view point of a size and a cost. On the other hand, there 
is amethod in which image 91 output from whole f ield-of -view 
5 viewable VGA liquid crystal element 74 and image 92 output 
from SXGA liquid crystal element 101 are optically split 
without having independent liquid crystal elements for 
both eyes and an image is separately provided to both eyes, 
but, in this case, a different image cannot be sent to 

10 both eyes and image information having parallax conscious 
of a 3-D image cannot be displayed separately. Thus, 
FIG. 52 shows a configuration in which the image display 
device uses two SXGA liquid crystal elements and a beam 
splitter that composes and splits each light flux is 

15 arranged, and then both of the composite image and the 
above-mentioned 3-D image can be provided by switching 
over the beam splitter to a half mirror type and a total 
reflection (or a total transmission) type. 

In FIG. 52, (a) thereof is an example in which images x 

20 and y different in size are composited and the composite 
image is displayed (c) on left and right eyes as the same 
image and x is equivalent to image 92 output from SXGA 
liquid crystal element 101 and y is equivalent to image 
91 output from VGA liquid crystal element 100. (b) of 

25 FIG. 52 is an example in which different images x and y 
with same size are displayed (d) on left and right eyes 
as a different image. As described in FIG. 8, a 3-D image 
can be enjoyed by converting x and y images to different 
images having parallax. (a) and (b) of FIG. 52 show optical 

30 paths of light flux x and y when switching between half 
prism 153 compositing light flux x output from high 
resolution three-piece SXGA liquid crystal element 150X 
and light flux y output from high resolution three-piece 
SXGA liquid crystal element 150Y and optical member 154 

35 designed so as to make its optical path equal to that of 
half prism 153. 

In FIG. 52 (a), light flux y of high resolution three-piece 
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SXGA liquid crystal element 150Y is zoomed down to a size 
corresponding to resolution of an image output from content 
by optical zoom unit 151Y. Contrary to this, light flux 
x output from high resolution three-piece SXGA liquid 
5 crystal element 150X is zoomed up to an image of a whole 
field of view by optical zoom unit 151X. Light flux x and 
y are split by half prism 153 respectively and one of 
respective split light flux and another of split light 
flux are composited and as light flux x and y, light flux 

10 x and y are projected respectively on a retinal of left 
eyeball 2L and a retinal of right eyeball 2R as the same 
image (c) by relay optical systems 152y and 152x. 

On the other hand, in FIG. 52 (b) , light flux y output from 
high resolution three-piece SXGA liquid crystal element 

15 150Y is zoomed up to a predetermined size of an image by 
optical zoom unit 151Y, whereas light flux x output from 
high resolution three-piece SXGA liquid crystal element 
150X is zoomed to the same size as the one of light flux 
y by optical zoom unit 151X. Light flux x and y transmit 

20 through without being split /composited by optical member 
154 and are separately projected on retinas of left/right 
eyeballs 2L and 2R as respectively independent image (d) . 

In this embodiment, both images are high quality images 
that use the SXGA liquid crystal element, so a clear image 

25 can be obtained even on a marginal portion of the image 
like (c) . In this case, for instance, let light flux y 
of (c) be a screen image of a cinema theater, it is good 
to provide a marginal image as the image including a viewer 
of a cinema theater. As an image quality at a marginal 

30 portion is good, realism can be felt as if an observer 
actually stays in a cinema theater and as a result, there 
is an effect that an observer can enjoy an image as the 
image having depth. Furthermore, there is no doubt that 
only two SXGA liquid crystal elements can obtain the same 

35 performance as the system of the total four liquid crystal 
elements, so this system takes a big effect in decreasing 
a cost and reducing a size. 
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Now, let ' s move on a sickness in VE (Virtual Environment ) . 
The sickness in VE is different from eyestrain and is a 
phenomenon that an observer feels when viewing a wide 
f ield-of-view image like this invention. The sickness in 
5 VE is not limited to a display of an active movement and 
regarding a slight flicker of an output image due to a 
handshake of a video camera, a change in scenery thanks 
to enlargement and contraction of an image by a zoom action 
of a video camera (especially, a contraction action that 

10 makes an image smaller creates an image that can be perceived 
when a human being drives backwards at a high speed and 
this image does not exist as a past memory. That's why 
people are prone to the sickness in VE when observing a 
rear scene in a car.) and regarding an observation image 

15 of a wide area scenery captured by turning a video camera 
laterally etc, generally, a brain gets uncomfortable 
feeling against an image of moving scenery although the 
observer does not move at all, and in some cases, observers 
start feeling bad as the sickness in VE. Especially, this 

20 feeling is strongly felt when scenery flows in an observer' s 
line of sight and the higher resolution of an image, the 
wider a field of view, the sickness in VE is felt at the 
same time when obtaining realism and a sense of 3-D and 
nobody can escape from this phnomena. 

25 This invention proposes to use an optical zoom for 

maintaining resolution of an image at a predetermined level 
and with regard to a moving image, it is enough to make 
an image size small, but this is not effective in order 
to obtain realism by way of a screen of a wide field of 

30 view. The reason why generally, a movie image does not 
cause the sickness so much is that the movie uses a lot 
of images captured with a fixed camera of paying an attention 
to the sickness or images from a leading actor/actress's 
point of view with reference to an object at a center. 

35 However, a DVD image, HD image, satellite broadcasting 
and terrestrial broadcasting images that are not assumed 
to be shown at a cinema house are not created on the 
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assumption that they are projected on a wide f ield-of -view 
screen and therefore, if they are made wide f ield-of -view 
images forcedly, it might cause the sickness. 

Then, as a method in which a wide f ield-of -view image 
5 does not cause the sickness in VE as it is, a control method 
in which image information is temporally taken into an 
internal storage device and then the image information 
is processed in correspondence to an image movement, and 
the information that is stored again is shown to an observer 

10 is conceivable . In this case, firstly, image data of DVD, 
satellite, high vision and terrestrial broadcastings are 
captured into an internal buffer and an image output from 
the internal buffer is divided into a marginal image block 
and a central image block. A lateral shift amount of 

15 content of an image in each block during a predetermined 
period of time is computed and when content included in 
the marginal image block and content included in the central 
image block are shifted toward the same direction, it is 
judged that these shifts are attributed to a hand shake 

20 or a lateral screen movement and then images are processed 
such that an image bit as a whole is shifted by the same 
amount as the movement amount toward a direction opposite 
a direction of content movement in such a way that the 
image does not move laterally during the predetermined 

25 period of time and thereby a whole screen looks still. 

Of course, as themarginal image gets lost due to a relative 
shift of an image, it is necessary that the marginal image 
portion out of display image information be secured for 
a shift correction of an image when this control method 

30 is used. 

When this relative shift amount is larger than an image 
portion for a marginal correction, a method for switching 
over to a next screen with no relative shift is taken. 
Namely, a small movement like a handshake is completely 
35 corrected and an image that moves in an observer' s line 
of sight like a flowing scene becomes an image as if a 
camera's image-pick up position is shifted a little bit 
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one after another. This is the same method as the observer 
blinks while the scenery moves in the line of sight when 
an observer views scenery of a wide area and there is no 
need for viewing a brisk flow of the image as it is, and 
5 thus this enables to decrease outbreak of the sickness 
in VE. 

This is the same even in a case where an device of this 
invention is used in a 3-D video game with a player' s point $ 
of view, wherein a picture image of the conventional image 

10 display device that causes the sickness in VE by seeing 
flowing scenery with a movement of a joystick that changes 
an angle of a line of sight is changed into a picture image 
such that a whole screen thereof is switched over 
sequentially one after another like blinking during a scene 

15 movement in a player's line of sight. This enables a 
reduction in the sickness in VE attributable to a wide 
f ield-of-view image. Obviously, this sickness in VE 
occurs because a brain gets confused due to non experienced 
encounter in the past, so the sickness will be improved 

20 by getting used to it. 

Thus, use or non-use of this picture image change mode 
is configured so as to be freely selectable via ON/OFF 
switch. As for a child, patient and relaxation-oriented 
user, it is effective that the sickness in VE is prevented 

25 by way of the picture image change mode and it is preferable 
that a non-processed image be provided to an attraction 
and game that enjoys the sickness in VE. Inherently, as 
an output of a wide f ield-of -view image requires distortion 
correction, it is desirable that a distortion correction 

30 and the preventive sickness in VE processing be performed 
in the same control system. 

Furthermore, in addition to preventive measures of the 
sickness in VE, it is important that tiredness is not felt 
and to this end, it is necessary that a suitable image 

35 for an eye of each person be provided to left/right eyes. 
A" space between human eyes is an order of 6.5 to 7.5cm 
and with some adjustment of a space between right and left 
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images, an image having no abnormality and no eyestrain 
can be provided. 

When providing an infinity image, it is necessary that 
images of left and right eyes be set at a distance matching 
5 a space between observer' s eyes and to this end, calibration 
is required when an observer wears a product of this 
invention. Calibration is an adjustment method in which 
a cross-marked image is presented alternatively to the 
left and right eyes and a state of the cross-marked image 

10 looking double is adjusted such that the cross-marked 
images overlaps . Both images can be adjusted by a harving 
system or an adjustment of a digital image by way of a 
software application by changing a space between both 
images, and thus a space between observer's eyes is 

15 calibrated by an input via an input member such that the 
cross-marked images overlap by way of an observer's line 
of sight. 

Herein, it is necessary that the cross-marked image be 
adjusted toward a direction where the space between the 

20 cross-marked images is shortened as a default of a direction 
where the cross-marked images exist apart. This is due 
to the following reason. When an observer is in a state 
of viewing a close range image, it is easy to view the 
cross-marked image by overlapping, but when the 

25 cross-marked image is spaced farther away than a space 
between the left and right infinity images equal to a space 
between both eyes, a human eye cannot view them by 
overlapping. Thus, by defaulting the direction of the 
cross-marked image apart from each other, a space between 

30 eyes can be easily measured when an object is at infinity, 
not at a close range. 

Next, an example of an embodiment of image pick-up device 
102 will be described in reference to FIG. 29. FIG. 29 has 
many common parts as the device of FIG. 24, an explanation 

35 about the common parts will be omitted herein and a different 
part will be mainly described. 

First , when focus is achieved using a focus control device 
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of AF optical system 109 arranged in front of CCD 
two-dimensional array sensor 110, a position of forming 
an image at curvature-of -image correction mirror 90' 
varies . To correct this, AF optical system 109 is replaced 
5 with fisheye/AF optical system 103 that has lenses of the 
same characteristics as lenses 88 and 89 of FIG. 24 arranged 
on an object side and further has an automatic focus control 
system is used. 

In FIG. 29, image pick-up device 102 is configured such 

10 that an external image is projected on CCD two-dimensional 
array sensor 110 via zoom system 107, pupil variable 
aperture system 108 and automatic focus (AF) system 109 
after light flux is deflected by mirror 105. 

Furthermore, states of a zoom and focus are stored, and 

15 information of the states of the zoom and focus are send 
to whole viewing angle display device 94 and then with 
duplication of all the states faithfully, distortion 
characteristics can be made same and thus a electric and 
software application distortion corrections by an image 

20 composition/converter device are not required and a 
faithful image can be obtained. 

(a) of FIG. 27 shows a state where an image is output from 
current content, whereas (b) thereof is a view showing 
a case where information from image pick-up device 102 

25 is configured to be viewable on a whole fie Id- of -view screen . 
This can be achieved by matching zoom system 107 to a status 
of the whole f ield-of -view image and matching zoom system 
98 within whole viewing angle display device 94 to the 
same status. 

30 Herein, when a projection image is set to become larger 
than an effective angle of view of the CCD two-dimensional 
array sensor by driving a zoom system of image pick-up 
device 102 , image pick-up device 102 becomes a f isheye-type 
optical system that has a zoom system and can enlarge a 

35 central portion of an external image. If output image 
information is observed on whole viewing angle display 
device 94 while fixing the zoom system, an image that 



enlarges the central portion of the whole f ield-of -view 
image can be observed. In this case, as distortion states 
of the zoom system and the whole viewing angle display 
device are different from each other, it is necessary that 
5 distortion be corrected electrically and in a method of 
a software application. But, an enlarged image of high 
resolution can be obtained even when comparing with a method 
in which a portion of an image obtained by a conventional 
f isheye-type optical system is cut out and then the cut-out 

10 portion is enlarged . Therefore, this invent ion works well 
with respect to usage necessary to enlarge a specific 
portion from a monitoring of a wide area such as security 
and disaster precautions and wild animal watching etc. 
Fixed-type image pick-up device 102L and 102R shown in 

15 FIG. 30 (a) may be used in the security and disaster 

precautions and wild animal watching etc. Furthermore, 
as shown in FIG. 30 (b) , display devices (94L and 94R) are 
used and actions of a head' s upward/downward and 
rightward/lef tward movements of an observer wearing whole 

20 viewing angle display device 118 are detected, and by 
directing the same action as the one of the human head 
movement to image pick-up devices (102L and 102R) by way 
of a remote operation, thus, the same realism as the head 
points at directions of upward/downward 90 degrees and 

25 rightward/lef tward 360 degrees at a place where the image 
pick-up devices ( 102L and 102R) are arranged can be en j oyed 
at any place. 

However, when information of an image and operation is 
transmitted via a wireless or the Internet, a volume of 

30 image information becomes large and thus a long-hour 

transmission becomes a brake . Therefore, it may be devised 
such that an image is transmitted in a way like a 
frame-advance still picture instead of a motion picture, 
and thus a situation on the spot is instantaneously known. 

35 The (b) of FIG. 30 is a wearable image pick-up device with 
display devices (1021/ , 102R' , 94L and 94R) and since it 
is sufficient to be capable of checking only how a taken 
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motion picture looks like from a view point of the display 
device, a low priced and lightweight liquid crystal element 
as shown in FIG. 24 can be used and designed so as to be 
portable . With these image pick-up devices ( 102L and 102R) , 
5 the whole f ield-of -view image and the 3-D image can be 
obtained anywhere and thus, it can be expected that a market 
expands as a new content and new opportunities come into 
bud in many business areas. 

FIG. 32 shows that whole viewing angle display device 118 

10 as shown in FIG. 31 is used while the observer lies on his/her 
back. Providing of a realism-packed image to movement 
restricted patients and bedridden senior citizens has a 
big relaxation effect and marketability of the image full 
of realism is large from a potential business point where 

15 vigor for recovery from illness and for living can be given. 

FIG. 33 is a schematic cross-sectioned view taking a side 
view of whole viewing angle display device 118 of FIG. 31. 
As shown in the diagram, a necessary viewing angle of a 
longitudinal direction is narrower than that of a lateral 

20 direction, so a deflecting direction of polarizing beam 
splitter 65 is made into the longitudinal direction so 
that polarizing beam splitter 65 can be designed to be 
compact. Further, in order to use a space efficiently, 
it is desirable that, in each optical system, a part where 

25 light flux does not pass through be cut in the longitudinal 
direction . 

As shown in FIG. 33, whole viewing angle display device 
118 has a suction-type face fitting unit. By sealing 
across a wide area of a space between a body of whole viewing 

30 angle device 118 and a face by contact material 124T and 
setting a slightly negative pressure in the inside by 
suction device 123, the viewing angle display device 118 
is designed so as not to a sense of abnormality felt around 
a nose when wearing glasses and a feeling of fastening 

35 to an ear when mounting a headphone. Of recent, many of 
minus ion or fragrance generating devices have been 
developed and incorporation of these devices into the 
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display device takes a further relaxation effect. 
Furthermore, as contact material 124T does not completely 
seal the space, so an inside air is not built up and a 
wind is felt to some extent, so the display device is devised 
5 so as not to be offensive to a wearer. In addition, contact 
material 124T has a function such that a space between 
an eye and an eyepiece lens is not contracted than a 
predetermined space and therefore, safety designing is 
carried out. 

10 In contact material 124B at a lower portion of contact 
material 124T, transparent material 125 capable of 
observing an external is arranged entirely below an eye 
so that a wearer can have a glass of water etc from water 
cup 128 etc while wearing the body of whole viewing angle 

15 display device 118. Contact material 125 is composed of 
a ND (neutral density) filter that limits an incident light 
amount such that light incident upon a display image of 
the internal from an external does not deteriorate an image 
quality . 

20 FIG. 34 is a plane view taking a top view of whole viewing 
angle display device 118 of FIG. 31, wherein anti-vibration 
articular bar 116 supports the body of whole viewing angle 
display device 118 via articular member 126, but its 
supporting position- is arranged at a position of a 

25 centre-of -gravity of the viewing angle display device 
including headphone sections 120L and 120R. With this 
arrangement, the body of whole viewing angle display device 
118 is designed so as to be able to maintain its posture 
and is constructed so as to be able to be mounted without 

30 an uncomfortable sense even when taking a seat or lying 
on his/her back. Because, weight member 117 balances such 
that an observer does not feel a weight of the body. 

With contact material 124T, headphone sections 120L and 
120R are also placed at a close contact with a head so 

35 that a wearer does not get a fastening feeling or an ear' s 
pain unlike a conventional headphone. In a case of 
dismantling the body of whole viewing angle display device 
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118 from a head, headphone sections 120L and 120R are opened 
rightward and leftward shown by broken line in the diagram 
and then the internal negative pressure gets .back to an 
atmospheric pressure. This enables to remove the body 
5 thereof from a head easily. 

Next, an example of a simple optical design will be 
described. FIGS. 35 and 36 are the same optical design and 
FIG. 35 shows light flux of ±70 degrees when a crystal ball 
moves by 20mm with consideration of a human eye' s brisk 
10 lateral movement. (a) section of an optical system is 
eyepiece lens group including a Conic surface, wherein 
a hyperboloid lens is used on a side of a pupil in an 
eyepiece lens in order to suppress coma. Its curved 
surface Z (r) is represented by 

Z(r) = 1 

l + V{l-(l + £)xc 2 xr 2 } 

15 where c is curvature, r 2 = x 2 + y 2 , k is a Conic coefficient 
and K < -1 is used. 

Coma is improved, but, large curvature of field occurs 
due to use of the hyperboloid lens and telecentricity of 
each light flux is overly distorted at a position of forming 

20 an image emitted from an exit pupil of eyepiece lens group 
(a) (a conjugate position in a relation to a retina) . When 
the image formed at this position of forming the image 
is relayed to curved surface mirror (c) by way of relay 
lens group (b) , naturally, the large curvature of field 

25 and the distorted telecentricity are duplicated. But, 
this curved surface mirror (c) has an effect that reverses 
a curved direction of curvature of field produced on an 
image formed by reflected light flux, thus curved surface 
mirror (c) is definitely requisite to obtain an almost 

30 flat image plane on final image plane (f) projected by 
objective lens group (d) after the image is deflected by 
half mirror HM arranged in proximity to the pupil. 

In FIG. 35, although spherical aberration seems to be 
large, but this is for checking vignetting and it can be 
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said that spherical aberration and coma herein can be 
substantially neglected when the spherical aberration and 
coma are checkable with a real pupil (suppose that the 
size of the human pupil is 3mm when viewing an object 
5 indoors) . 

Furthermore, with arrangement of the curved surface 
mirror in proximity to a surface of forming an image, coma 
and spherical aberration produced by the mirror reflection 
can be reduced. Furthermore, arrangement of curved 

10 surface mirror (c) at a position a little bit deviated 
from the surface of forming an image enables to produce 
coma and spherical aberration intentionally and correct 
the coma and spherical aberration so as to cancel out coma 
and spherical aberration produced by lens groups (a) , (b) 

15 and (d) . 

Furthermore, as shown in the diagram, a tilt of 
telecentricity (a difference in an incident direction of 
each principal ray with respect to the reflection surface) 
is overly different on curved surf ace mirror (c) depending 

20 upon an incident angle upon the eyepiece lens section. 
To correct this, curved surface mirror (c) is made into 
an aspherical surface mirror and thereby it becomes 
necessary that the tilt of telecentricity be changed 
forcibly. 

25 Herein, curved surface Z (r) of the aspheric surface 
mirror is represented by 

Z(r) = ; CXr2 +Axr 4 +Bxr 6 +C*r* 

{l + y]l-(l + k)xc 2 xr 2 

+ Dxr 10 + £xr 12 + Fxr 14 + Gxr 16 + ff xr 18 + Jxr 20 

where curved surface Z(r) of the aspheric surface mirror 
is a rotationally symmetric quadratic curve, c is curvature, 
30 r 2 = x 2 + y 2 , A, B, C, D, E, F, G, H and J aspherical coefficient s 
(even number order) , k is a Conic coefficient, k = -1 and 
a saucer-shaped curved mirror of a > 1 . 0*10" 7 (but, a mirror 
is a concave surface. In a case of a convex surface, a 
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< -1.0*10~ 7 ) is used. 

Then, as shown in FIG. 35, it can be seen that all light 
flux is projected without vignetting. FIG. 36 shows light 
flux in a case where all light flux is sure to be projected 
5 without vignetting and a pupil with a size of an eye pupil 
set to an order of 3mmbeing a normal size indoors is directed 
to an optical axis. FIG. 36 shows light flux of 0, 10, 20, 
30, 40, 50, 60 and 7 0 degrees and it can be seen from FIG. 3 6 
that an image of a small aberration is formed on a flat 
10 image plane. Furthermore, the tilt of telecentricity is 
linearly corrected across all the light flux, too and the 
display device is so configured as to easily incorporate 
the zoom system, automatic focus system and harving system 
as described. 

15 Another example of an optical design will be described. 
The foregoing embodiments assume that the focus position 
varies to some extent in responsive to the human eye's 
lateral brisk movement and then the human eye focuses on 
an object following this variation of the focus position. 

20 FIGS. 37, 38 and 39 show the same design examples, wherein 
FIG. 38 is a view of a ray of light when an eye moves laterally 
(eye's lateral brisk movement ) . FIG. 37 shows an example 
in which a human eye does not see a wide range accurately 
at the same time, but clearly sees only a range of ± few 

25 degrees from a centre at which the eye points and therefore, 
by using this, defocused curvature of field is 
intentionally introduced corresponding to a viewing angle 
from the center that the eye sees. And furthermore, 
eyepiece optical system (a) and the like use aspherical 

30 lens (al) in proximity to a first conjugate surface in 
relation to a retina in order to reduce a number of lens 
elements and enhance characteristics of marginal 
telecentricity . 

Herein, section (a) of an optical system is eyepiece lens 

35 group (a) including a Conic surface and herein, a 

hyperboloid is used on a surface opposite a pupil side 
of eyepiece lens (a2) in order to suppress coma. Its 
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curvature Z(r) is represented by 

Z(r) = , 

l + yl{l-(l + k)xc 2 xr 2 } 

where c is curvature, r 2 = x 2 + y 2 , k is a Conic coefficient 
and k < -1 is used. 

Aspherical lens (al) of which one surface is arranged 
in proximity to the first conjugate surface in relation 
to the retina is a saucer-shaped curved surface lens, 
wherein curved surface Z(r) of another surface thereof 
is a rotationally symmetric quadratic curve and 
represented by 

Z(r) = , CXr2 +Axr*+Bxr 6 +Cxr* 

{l + yll-(l + k)xc 2 xr 2 

+ Dxr 10 +Exr n +Fxr 14 +Gxr 16 +Hxr l *+Jxr 20 

where c is curvature, r 2 = x 2 + y 2 , A, B, C, D, E, F, G, 
H, J are aspherical coefficients (even number order) , K 
is a Conic coefficient and K = -1, a saucer-shaped curved 
surface of a < -1.0*10~ 7 is used. 

In this case, as the tilt of telecentricity is corrected 
by at least two aspherical surfaces so as not to be overly 
different depending upon the incident angle upon the 
eyepiece lens, curved surface mirror (c) uses a normal 
spherical surface mirror. This is to change the tilt of 
telecentricity forcibly and arrange the pupil position 
(position where light flux converges) at position (zl) 
in proximity to an entrance position of objective lens 
group (d) . Furthermore, as it is possible to intentionally 
place the pupil position toward an object, an effect that 
a reduction optical system is easily designed can be 
obtained. 

The reason why the pupil position (position where light 
flux converges) is arranged at position (zl) in proximity 
to the entrance position of objective lens group (d) is 
that a focus adjustment corresponding to the eye' s lateral 
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brisk movement does not let, as shown in FIG. 38, the focus 
position vary that much even with the eye's lateral brisk 
movement . 

Namely, aspherical lens (dl) is inserted into an entrance 
5 section of obj ective lens group (d) and with consideration ' 
of a position displacement (as shown in FIG. 38, light flux 
passes through margins of a pupil surface) at a pupil 
position accompanied by telecent ricity shift due to the 
lateral eye movement, lens dl has a lens surface of a low 

10 curvature at an marginal section with respect to a centre 
and thereby lengthens its focus position. Originally, 
as eyepiece lens group (a) has a characteristic that a 
focus point gets close to an eyepiece direction of the 
eyepiece lens due to the eye's lateral brisk movement, 

15 a large change in a focus plane is suppressed by getting 
a focus position closer to a position of the liquid crystal 
display element by aspherical lens (dl). 

A surface on the pupil side of aspherical lens (dl) 
employed herein is a hyperboloid surface and its curved 

20 surface Z(r) is represented by 

~, . cxr 2 

Z(r) = , 

l + y]{l-(l + k)xc 2 xr 2 } 

where c is curvature, r 2 = x 2 + y 2 , k is a Conic coefficient 
and k < -1 is used . 

However, as obvious from FIG. 38, it can be seen that an 

25 image plane becomes oblique with the eye's lateral brisk 
movement action. Thus, as aspherical lens (dl) cannot 
completely correct the oblique image with the hyperboloid 
surface only, it is desirable that the oblique image be 
corrected by an aspherical surface Z(r) thereof 

30 represented by 

Z(r)= , CXrl +Axr*+Bxr 6 +Cxr* 

{l + y]l-(l + k)xc 2 xr 2 

+ Dxr 10 +Exr 12 +Fxr u +Gxr xe +Hxr l * +Jxr 20 

where Z(r) is a rotational symmetric quadratic curve, c 



is curvature, r 2 = x 2 + y 2 , A, B, C, D, E, F, G, H, J are 
aspherical coefficients (even number order) . 

FIG. 39 is a view to show light flux when seeing an object 
50cm away with eyes. It can be seen from FIG . 3 9 that only 
5 a focus position of the liquid display element varies, 
whereas distortion characteristics and an aberration do 
not vary that much. Therefore, with an adjustment of a 
space between lenses of this objective lens group (d) or 
a space between final image plane (f) and objective lens 

10 group (d) , a focus adjustment can be easily made from 50cm 
up to infinity. 

In this optical design, curved surf ace mirror (c) is used 
to change the tilt of telecentricity forcibly and arrange 
the pupil position (position where light flux converges) 

15 in proximity to the entrance position of objective lens 
group (d) , but if the hyperboloid lens is used as a first 
eyepiece lens of the eyepiece lens group and the 
rotationally symmetric quadratic curve lens is used as 
a lens in proximity to a first conjugate surface when 

20 designing eyepiece lens group (a) and relay lens group 
(b) , a faithful second conjugate surface can be obtained 
at the position of curved surface mirror (c) , too. In this 
case, a liquid crystal element may be directly arranged 
at the position of curved surface mirror (c) or a first 

25 liquid crystal may be arranged at the position of curved 
surface mirror (c) and light flux is directly introduced 
to obj ective lens group (d) by reversing the splitter mirror 
section of this optical system, and then a second liquid, 
crystal may be arranged via a zoom system (not shown) 

30 (Actually, light emitted from the liquid crystal section 
converges at the pupil position, but, for easy 
understanding sake, the explanation is given herein such 
that infinity light flux is emitted from the pupil position 
and is formed on the surface of the liquid crystal element) . 

35 Furthermore, although a correction of chromatic 

aberration is not touched on herein, basically, a system 
in which a correction is made by combining a plurality 



of positive and negative lens elements and lens elements 
of different refractive indices may be incorporated or 
liquid crystal elements of receiving light in a case of 
a video camera and emitting light in a case of a display 
5 are separated into three colors of R • G • B, and then after 
the separation, lateral chromatic aberration and Z 
chromatic difference of distance may be corrected. 

A direction of bending a mirror is basically toward upper 
and lower directions where a necessary viewing angle is 

10 narrow and thus, practically optical systems (b) and (d) 
do not contact each other as shown in the diagram. 
Furthermore, the above-mentioned embodiment cites the 
combination of the hyperboloid, the positive lens and the 
aspherical saucer-shaped negative mirror or the 

15 hyperboloid, the positive lens and the aspherical 

saucer-shaped negative lens, but the embodiment is not 
limited to these combinations and other combinations can 
be contemplated. 

Next, in reference to FIGS . 40 through 42, the device cited 

20 in FIGS. 31 and 32 will be more specifically described 
hereunder. An object of making the device into a floor 
standing type thereof is to make an observer not feel a 
weight of the display optical system. To achieve this, 
a face movement is sensed by a sensor etc whereby the device 

25 is so controlled as to move in the same way as the face 
by an actuator, but a cost becomes high. Thus, an 
embodiment hereunder uses a method in which an actuator 
is not used as much as possible. 

In order for an observer not to feel the weight of the 

30 display, it is necessary that a mechanism work such that 
no workload is generated at all six degrees of freedom 
of the face movement . Thus , as shown in FIG . 4 0 , magic hand 
technology (x, y and ©z actuations) is used, elevator 
technology (Z and 0z actuations) in FIG. 41 and 

35 centre-of -gravity supporting technology (0x and ©y 
actuations) in FIG. 42 are used. 

FIG. 40 shows a mechanism in which cross section CR is 
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configured to be coupled capable of turning around and 
be extensible like the magic hand. In magic hand section 
(anti-vibration articular bar) 116, a distance ratio of 
a distance from support section 115 up to the weight member 
5 to a distance from support section 115 up to whole viewing 
angle display 118 is m:n and a moment ratio in a case of 
the same weight is m:n. As a weight ratio of weight member 
117 including a hanging bar to whole viewing angle display 
device 118 including the hanging bar is n:m, an actual 

10 moment against support section 115 stays constant in 

relation ofmxn = nxm without relaying on an extension 
of magic hand section 116. Therefore, when a coupling 
section of the each cross section CR and a revolving axis 
of support section 115 get smooth by a ball bearing or 

15 an air bearing etc, x, y and 0z actuations become possible 
with almost no workload. With this arrangement of this 
mechanism, it is not necessary that rigidity of the support 
section be increased that much and a vibration can be 
suppressed. Also the configuration is easyto avoid a risk 

20 like a falling down of the body etc. 

In FIG. 41, like an elevator, when a weight ratio of weight 
member 117 to whole viewing angle display device 118 is 
n:m, a configuration is made well balanced by way of pulley 
PU. For example, in a case of n:m =2:1, pulley PU of a 

25 type as shown in FIG. 41 may be used. The support section 
is configured such that the support section is movable 
upward and downward by hand and it is possible to set a 
height roughly depending on a situation where an observer 
lies on his/her back, takes a seat or stands on foot. On 

30 the other hand, when an observer moves a face upward and 
downward with a predetermined posture, whole viewing angle 
display device 118 moves upward and downward by around 
2 to 30 cm. At this moment, when a revolving axis of pulley 
section PU gets smooth by the ball bearing or the air bearing, 

35 z actuation becomes possible almost without generating 
any workload. 

FIG. 42 shows an example in which revolving axis AX is 
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arranged at centre of gravity of whole viewing angle display 
device 118 and axis AX is configured such that there is 
freedom available for ©x, 0y and ©z actuations no matter, 
where the face moves. (a) is a perspective view looking 
5 from a front right upper direction (an eyepiece direction) 
of the display device. (b) is an elevation view thereof 
looking from a rear, wherein it is configured capable of 
revolving by an angle required for an action to turn a 
head leftward and rightward around universal joint UZ. 

10 (c) shows a state where a head revolves leftward and 

rightward. Furthermore, (d) is a side view thereof and 
shows freedom allowance of universal joint UZ when a head 
moves back and forth. Especially, (d) represents a state 
where a user lies on his/her back, wherein there is provided 

15 a groove required when the user moves its face downward 
by 90 degrees to that direction. 

Although these respective diagrams 40, 41 and 42 are 
depicted separately, a pulley for bending a string of each 
hinge section (not shown) is devised such that a expansion 

20 strength balances a tension strength by a way of stringing 
(way of stringing along the magic hand) so as to put each 
characteristics into use. Furthermore, as a hanging 
section of a string is restricted to only upward and downward 
actuations within the hanging bar by a guide mechanism, 

25 swaying of the display and the weight section like a pendulum 
is avoided. 

In the foregoing embodiment, with respect to the weight 
ratio of whole viewing angle display device 118 to weight 
member 117, a balance is kept by respective distance from 
30 support section 115. However, with this configuration, 
since weight member 117 by itself is off a revolving center, 
inertia is generated when whole viewing angle display 
device 118 is moved horizontally, so that a sense of an 
uncomfortable wearing occurs to a user. Moreover, a 
35 hanging string of weight member 117 acts like a pendulum 
and further there is left a vibration of a low frequency. 

As a method to solve these problems, whole viewing angle 
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display device 118 is supported by a configuration shown 
in FIG. 50. FIG. 50 (a) is a side view and (b) is a view 
looking from an upper direction. It should be noted that 
the same reference symbols as in FIGS. 40 and 41 are the 
5 same sections, so their explanations are omitted herein. 
A mechanism of this configuration supports hanging string 
116a capable of unreeling by pulley 116b fixed onto magic 
hand section 116 and hanging string 116a supports whole 
viewing angle display device 118 and weight member 117. 
10 In this configuration, there is provided weight member 

117 inside support section 115 that is a center of revolving . 
Thus, even if whole viewing angle display device 118 
revolves/moves around support section 115, inertia is not 
generated due to weight member 117. This configuration 

15 suppresses the abnormal sense of wearing since inertia 
does not occur due to weight member 117 when whole-viewing 
angle display device 118 moves and its movement is stopped. 

In the configuration shown in FIG. 50, there is provide 
second weight member 117a that is lighter than weight member 

20 117 such that its center of gravity comes in proximity 
to a center of support section 115 and a workload is not 
put on the bearing etc arranged between support section 
115 and magic hand section 116. This weight is lighter 
than one of weight member 117 shown in FIG. 40, so generated 

25 inertia is small when whole viewing angle display device 

118 moves. 

In order to further increase stability with a 
configuration shown in FIG. 51, an installation area of 
support section 115 is expanded and there is provided leg 

30 section 115a that extends below a position of center of 
gravity. Leg section 115a extends below center of gravity, 
so stability can be maintained even when the device stands 
on a floor. FIG. 51 (a) is a side view and (b) is a view 
looking from an upper direction. It should be noted that 

35 the same reference symbols as in FIG. 50 are the same 
sections. 

In this case, strength against support section 115 is 



asymmetric, so a workload is put on a revolving mechanism 
where support section 115 revolves. Therefore, when 
rigidity is increased by doubling the installation area 
of the ball bearing section and the like and further the 
5 installation area is placed beneath a chair or a bed that 
the user occupies and the installation area is fixed there, 
there is no actuating device in a direction opposite the 
device. Therefore, an advantage in a space and safety is 
brought about. 

10 Furthermore, in the whole viewing angle display device 
of the floor standing type shown in FIGS . 50 and 51, hanging 
string 116a supports whole viewing angle display device 
118 with pulley 116b fixed in proximity to cross section 
CR of magic hand section 116. Therefore, hanging string 

15 116a is always parallel with magic hand section 116 even 
when magic hand section 116 expands /contracts and strength 
is not generated by expansion/contraction of the magic 
hand section and thus presence of the string can not effect 
that much a lateral movement of magic hand section 116 

20 (no workload), so a sense of wearing can get alleviated. 

Like the foregoing, mechanics therein is designed so as 
to suppress the sense of wearing as much as possible, but 
when weight of whole viewing angle display device 118 is 
equal to and more than 1 Kg, a slight workload is inevitably 

25 generated due to friction caused by its weight when whole 
viewing angle display device 118 moves. In order to 
suppress this, it is desirable that tension of hanging 
string 116 and a relative angle of cross section CR of 
magic hand section 116 be checked and actuator giving 

30 actuation power to cross section CR and hanging string 
116a at a start-up be provided. Especially, as maximum 
static friction is larger than kinetic friction when moving 
a still object, it is good to control this friction through 
a feed-back control in accordance with the tension of the 

35 string and the relative angle of cross section CR. 

A specific way in which whole viewing angle display device 
118 of the floor standing type is supported has been 



95 



described so far. The configuration of device 118 follows 
a face movement of a user based upon predetermined 
conditions, but there is likelihood that it is prone to 
external strength (e.g. earthquake or a tilt of a floor 
5 standing installation are) . That is, when support section 

115 itself vibrates due to outbreak of earthquake, device 
118 is largely swung around by inertia of magic hand section 

116 and the body of whole viewing angle display device 
118 and thereby it is likely to cause danger in a surrounding 

10 area. In this respect, it becomes necessary that, with 
incorporation of an earthquake sensing sensor into the 
body thereof, an abnormal movement of magic hand section 
116 be locked and a revolving direction lock release device 
be provided so as to smoothly dismantle whole viewing angle 

15 display device 118 at a contact portion with a face. The 
tilt of a floor standing portion becomes a workload with 
respect to a movement in a predetermined direction and 
this gives a user an uncomfortable sense when wearing the 
display device . To avoid this uncomfortable sense, a level 

20 measuring device for checking whether or not a surface 
of the device is in a horizontal position and a level 
adjustment device for placing the device in a horizontal 
position are built in so that a user's smooth movement 
can be obtained in all directions. 

25 Also, the head-mounted display or glasses-type display 
follows a subtle movement of a face instantaneously, so 
the sickness in VE is apt to develop. As the body of the 
image display device of this invention is supported by 
a floor and the part of the body thereof is also supported 

30 by a face (includes a head, ear etc) and the body thereof 
is relatively heavy, so that the body thereof has the effect 
that the body does not follow due to inertia with respect 
to a subtle movement of a user, but follows with respect 
to a big movement thereof only, and thereby the body thereof 

35 has an effect that makes the sickness in VE becomes difficult 
to develop. In order to further utilize these effects 
efficiently, it is preferable that there be provided a 
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stopper and the like restricting a movement at movable 
members such as pulley 116b holding magic hand section 
116 and hanging string 116c when a user settles in a 
predetermined posture, 
5 The display device is fixed at a desired position by this 
stopper, so that a situation where the display device does 
not contact a face completely can be provided to a user 
who feels a sense of wearing even with a slight contact 
with the face and this can be contributed in order to further 

10 offer realism. Especially, in the embodiment shown in 
FIG. 48 to be explained later, not only an image detection 
area of a retina by a crystal ball' s movement corresponding 
to a eyeball movement but also a wide image display area 
capable of supplying a high quality image even in a case 

15 where a face and the display device relatively move 

laterally can be provided, so that an effect becomes further 
high . 

Like the foregoing, the whole viewing angle display 
device 118 of the floor standing type has a big advantage 

20 in comparison with the head-mounted display device or the 
glasses-type display device, so that the device 118 
produces further an effect with respect to a user who 
observes in a reclining posture before going to bed. In 
this invention, the display device moves in accordance 

25 with a face movement, so this can create an atmosphere 
where a user easily falls asleep by letting the user enjoy 
a display image in a relaxing posture before sleep or 
supplying an image and music of a high sleep effect to 
a user difficult to get to sleep. 

30 However, it is likely that the display device would become 
obtrusive with respect to a movement like rolling over 
etc after falling asleep. Thus, in this invention, there 
is provided a timer in display device 118, wherein a power 
switch will be not only turned off after falling asleep 

35 but also an automatic wind-up system is incorporated 

therein such that hanging string 116a is automatically 
wound up and the display section is also lift up from a 
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face so as not to be obtrusive to a user in bed. Furthermore, 
there is provided a function that actuates the display 
section to a position where it does not become obtrusive 
when a user gets up by expanding/contracting magic hand 
5 116 after lifting up the display section. 

With this arrangement, a user can use this display device 
readily even before retiring and then comfort and safety 
at bedtime can be secured. A safety precaution just in 
a case where the display section gets stuck on a part of 

10 a face and cannot be lift up is dealt with by restricting 
lifting strength and the like. 

The arrangement as described above projects an image 
output from LCD on the retina inside at least one of the 
eyeball by way of the fisheye-type optical system, but 

15 it can be seen that the optical system in response to the 
lateral brisk eyeball movement can project the image 
without vignetting at the pupil with combination of the 
curved surface mirror and the aspherical lens. However, 
a focus is fine and distortion is few at the center part 

20 viewed by the laterally moving eyeball , whereas distortion 
and a focus state get deteriorated sharply in proximity 
to the center part. 

Therefore, in a following embodiment, as described in 
each embodiment shown in FIGS. 20, 23, 28, 35 through 39, 

25 using what the intermediate image is formed on a side of 
the liquid crystal two-dimensional display device 
(opposite the eyeball) , the embodiment is configured to 
be capable of dealing with the lateral brisk eyeball 
movement, too by inserting a diffusion glass to a position 

30 of forming the intermediate image. FIG. 43 is a view 

explaining this configuration and shows an example of an 
optical system that lessens curvature of field on an 
image-forming surface and a tilt of telecentricity around 
a diffusion glass by way of a hyperboloid lens. An image 

35 output converges at a crystal ball of eyeball 1 via diffusion 
glass 131 and eyepiece lens group 132. (a) of FIG. 43 is 
a case where the eyeball does not move laterally and (b) 
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thereof shows a laterally moving eyeball of 30 degrees. 
In this example, the nearest lens to eyeball 1 is hyperboloid 
lens 132a . The hyperboloid lensisalensof which one- side 
surface is made of hyperboloid and as shown in the diagram, 
5 a far surface from eyeball 1 is hyperboloid. 

Optical characteristics are shown in FIG. 44 . FIG. 44 (a) 
is an example where a pupil views a center and FIG. 45 (a) 
shows aberrations on this occasion. Eyepiece lens system 
132 is a fisheye-type optical system that makes 

10 telecentricity almost straight. Namely, eyepiece lens 
system 132 is designed such that principal ray of light 
of each light flux at a position where diffusion glass 
131 is inserted is almost parallel to each other (allowable 
for a tilt of an order of ±10 degrees) and is almost parallel 

15 to a normal line of an incidence surface of diffusion glass 
131, so that the eyepiece lens system 132 produces the 
same distortion as in the fisheye-type optical system. 
Thus, distortion of around 50 % is produced at an viewing 
angle of ±60 degrees. FIG. 44 (b) shows an example where 

20 a pupil faces in a 30-degree direction, wherein FIG. 45 
(b) shows aberrations on this occasion. 

When compared with telecentricity of FIG. 44 (a) , it can 
be seen that telecentricity is tilted by an order of 10 
degrees. That is, principal ray of light of each light 

25 flux is tilted by the order of 10 degrees in comparison 
with a case (a) where crystal ball 2 faces in a 0-degree 
direction. Next, FIG. 44 (c) shows a case where a user views 
an object at 50cm ahead, not infinity, wherein FIG. 45 (c) 
shows aberrations on this occasion . In this case, eyepiece 

30 lens section 132 is designed such that a focus position 
does not come into eyepiece lens section 132. However, 
as seen from FIGS. 45 (b) and (c) , a shift in distortion 
is small even when comparing with FIG. 45(a) and it can 
be seen that a faithful image can be obtained throughout 

35 an entire field of ±60 degrees when a screen and the like 
is arranged at the position of forming an image. 

In a case where this eyepiece optical system is used, 
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a method of using diffusion glass 131 will be described 
hereunder . An example where a pupil views a center is shown 
in FIG. 43 (a) , whereas FIG. 43 (b) represents a case where 
the pupil faces toward a 30 -degree direction . As seen from 
5 comparison of (a) with (b) , a shift in distortion is small, 
but it can be seen that telecentricity is titled by ±10 
degrees at maximum as described above. When making the 
f isheye-type optical system corresponding to this lateral 
shift (lateral eyeball movement) , it is known that 

10 distortion is slightly produced in an optical system that 
can project without vignetting at the pupil like the 
foregoing embodiment . 

Therefore, as remedial measures, an optical system from 
the liquid crystal two-dimensional output device to 

15 diffusion glass 131 is designed with N.A. (stands for 
numerical aperture) that enables to obtain a sufficient 
resolution of an image and adopts a method in which light 
flux corresponding to a change in the tilt of telecentricity 
is transmitted to a pupil by diffusing the light flux with 

20 diffusion glass 131. That is, the optical system causes 
to diffuse ray of light at the angle of divergence as shown 
by arrow 133 of FIG. 43 with diffusion glass 131 such that 
ray of light entering crystal ball 2 exists even when a 
tilt of crystal ball 2 varies. 

25 Like this, it is designed such that, at the intermediate 
image formed by light flux transmitted to the crystal ball 
from the image formed by the two-dimensional optoelectric 
device the optical system, the angle of divergence of light 
flux of each position emitting from the intermediate image 

30 becomes sufficiently large by way of the diffusion glass. 

As described above, with a change in the pupil position 
due to the lateral shift of the crystal ball (an action 
of a lateral brisjc eyeball movement) , an angle formed by 
all principal rays passing through the center of the pupil 

35 and the surface of forming the intermediate varies . Thus, 
the angle of divergence of light flux emitted from the 
intermediate image is made equal to or larger than the 
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amount of variation- With this arrangement, even if the 
lateral shift of the crystal ball takes place, light flux 
from the intermediate image can be supplied to the pupil 
stably and even when the lateral shift of the crystal ball 
5 (action of the lateral brisk eyeball movement) occurs, 
the two-dimensional display device that a user can observe 
a faithful image can be obtained. 

Herein, it is good to use a diffusion glass that has field 
of view of ±30 degrees and an angle of diffusion of ±10 
10 degrees or so and whose roughness is not discernible even 
with a human eye, namely, a glass equivalent to an angle 
of diffusion A of roughness #700 and over in terms of ground 
glass . 

Naturally, it is desirable that a material whose luminous 

15 intensity distribution does not overly vary at around ±20 
degrees be used since an angle of the laterally brisk moving 
eyeball is said to be around ±50 degrees. Diffusion glass 
131 is arranged at the position of forming the image as 
described above and acts to diffuse beam of light that 

20 forms the image, so a resin and the like can be used instead 
of diffusion glass 131 if it has the action of diffusing 
beam of light. 

Also, diffusion glass 131 that will be fabricated 
hereunder exerts a favorable performance, too. A way of 

25 fabricating this diffusion glass is that adhesive is 

applied over a polyester film of a uniform thickness and 
a smooth surface and then abrasive whose diameter is 
precisely controlled in a micron grade is coated thereon 
in a clean room. As for abrasive, carbide and oxide such 

30 as silicon carbide, chromic oxide, tin oxide, titanium 
oxide, magnesium oxide, aluminum oxide and the like are 
suitable and diffusion glass 131 can be fabricated with 
a uniform ultra-precise finishing of an order of 0.3 to 
40 jam and a yield ratio becomes small. 

35 An image become opaque when these materials are processed 
spherically, but uniform abrasive can be layered in a random 
order with a predetermined thickness, and the angle of 
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divergence can be made large so that an viewing angle of 
60 degrees and over can be secured without yielding 
graininess at all even in a DVD image or a HD image. This 
diffusion glass 131 is preferable in terms of a low 
5 production cost. Furthermore, it is preferable that a 
thickness of this abrasive layer be within depth of focus 
of a projection image. 

Well, a size of abrasive is selectable from mesh number 
#320 - #15000 and a strong polyester film is used, so that 

10 durability is enhanced. In silicon carbide , chromic oxide , 
tin oxide, titanium oxide , magnesium oxide , aluminum oxide 
and the like, when abrasive of an order of micron is used, 
the image becomes opaque. In this case, it is necessary 
that projection illumination to diffusion glass 131 be 

15 intensified. But, when the display device is of the floor 
standing type, high-powered light source can be used, so 
that a light source of a desired power can be used in 
correspondence to transparency of diffusion glass 131. 
Furthermore, as the light source itself is bright, 

20 brightness of a projection image becomes quite bright and 
side effects like stray light, hot spot and like are reduced 
even without wearing a light shade device (goggle etc) 
between the eyepiece lens and both eyes so that 
deterioration of the sense of wearing can be avoided. 

25 However, the light source in itself is a heat source too, 
so it is necessary that a cooling fun and the like cooling 
the heat source be incorporated into the device. As a user 
feels uncomfortable if a. vent of the cooling fun directs 
at the user, it is necessary that a vent direction of the 

30 cooling fun be designed not to direct at the user. Also, 
when the cooling fun vibrates the device, this vibration 
also gives a user an uncomfortable feeling. In this case, 
the light source may be arranged on a side of a floor support 
section by separating the light source from the body of 

35 the device and thus light flux may be guided to the device 
via an optical fiber and the like. 

In reference to FIGS. 46 and 47, an explanation about an 
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optical system that relays light flux from the liquid 
crystal two-dimensional output device to diffusion glass 
131 will be given. FIG. 46 shows an optical system where 
light flux coming from a surface where high resolution 
5 three-piece SXGA liquid crystal element 101 exists or is 
conjugate surface (f) in relation to the surface passes 
through half mirror HM via zoom automatic focus control 
system (g) and objective lens group (d) and is reflected 
by half mirror HM after distortion produced by the eyepiece 

10 lens system is corrected by reflection on curved surface 
mirror (c) , and is formed on LCD conjugate surface 141 
(where diffusion glass 131 is arranged) via relay lens 
group (b) by reflecting. Distortion characteristics of 
this optical system is shown in the diagram, but it can 

15 be seen that 50 % of distortion occurs in a direction 
opposite the direction shown in FIG. 45 (a) when comparing 
with FIG. 45 (a) . This represents that reverse correction 
of the foregoing distortion is achieved by this optical 
system, wherein pincushion distortion produced by the 

20 eyepiece lens system is corrected by barrel distortion 
of this optical system and a grid image is faithfully 
reproduced on the retina without correction by a software 
application. 

FIG. 47 is an example of an enlargement optical system 
25 designed on the assumption that distortion is corrected 
by a software application and this enlargement optical 
system does not include the curved surface mirror as shown 
in FIG. 4 6 . In this enlargement optical system, light flux 
from a surface where high resolution three-piece SXGA 
30 liquid crystal element 101 exists or is conjugate surface 
(f) in relation to the surface passes through achromatic 
lens (h) via zoom automatic focus control system (g) and 
objective lens group (d) and is reflected twice by 
reflection mirrors M3 and M4 via relay lens group (b) after 
35 the light flux is reflected by reflection mirrors Mland 
M2, and then is formed on LCD conjugate surface 141 (where 
diffusion glass 131 is arranged) . In order to reduce a 
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number of lens elements and lessen curvature of field, 
a hyperboloidal lens (one surface of a lens is hyperboloid) 
is included in an eyepiece lens system (not shown) and 
relay lens system (b) . Aberration of this optical system 
5 is so small that a faithful projection image can be achieved. 
It should be noted that achromatic lens (h) is not 
necessarily used. 

Like this, this embodiment adopts the optical system that 
can deal with the lateral briskmoving eyeball by inserting 

10 the diffusion glass to the image plane in proximity to 
the eyepiece lens and with this system, a configuration 
of the enlargement optical system after the eyepiece lens 
can be made simple. 

As the liquid crystal two-dimensional output device, 

15 FIG. 48 shows a schematic view of a device embodied by this 
invention using the optical system of FIGS. 44 (a) and 47. 

According to FIG . 4 8, GRB three-piece LCD module 142 is 
used and a LCD element for G, a LCD element for R and a 
LCD element for B are made same light flux (is referred 

20 to as LCD conjugate surface f in the diagram) by a dichroic 
mirror, and the light flux is deflected by reflection 
mirrors Ml and M2 via zoom automatic focus control system 
(g) of a four-element lens of positive 1, negative 1, 
positive 2 and negative 2, and is enlarged/projected on 

25 diffusion glass 131 via relay lens (b) and reflection 
mirrors M3 and M4 . .Herein, a lens surface of positive 1 
doubling the eyepiece lens is a hyperboloidal lens and 
a surface of an objective lens is also a hyperboloidal 
lens, so that the number of the lens elements is reduced 

30 and curvature of field is corrected. 

Light flux diffused at an order of ±2 0 degrees by diffusion 
glass 131 is configured to project an image from the LCD 
element on the retina inside at least one of eyeballs via 
eyepiece lens 132. Herein, when infinity is viewed, 

35 diffusion glass 131 lies distant from the eyepiece lens 
and is controlled such that LCD element conjugate surface 
(f ) and a surface of diffusion glass 131 become in conjugate 
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relation to one another by moving two negative lenses in 
the zoom automatic focus control system (g) . Also, in a 
case where an object at 50cm ahead is viewed, diffusion 
glass 131 is controlled such that diffusion glass 131 is 
5 actuated so as to get close to the eyepiece lens and, at 
a position of actuated diffusion glass 131, LCD element 
conjugate surface (f ) and the surface of diffusion glass 
131 become in conjugate relation to one another by moving 
two negative lenses in zoom automatic focus control system 
10 (g) . 

On the other hand, the image from the LCD element is 
broadened to f ieldof view of ±60 degrees under the foregoing 
situations and there would be no problem if an image from 
the video of a wide image capable of receiving the field 

15 of view of ±60 degrees is reproduced. But, if a usual video 
signal or computer image is output, such the broadened 
image is not certainly eye-friendly. That is, it is 
desirable that an image of field of view with ±30 degrees 
and below comfortable to see with a usual lateral moving 

20 eyeball be output. Thus, according to this invention, 
field of view can be reduced down to field of view with 
±30 degrees and below by moving two negative lenses in 
zoom automatic focus control system (g) . Furthermore, in 
a case where a number of pixels corresponding to content 

25 is an order of 7 60 x 400 (TV and DVD) , an image is reduced 
to field of view with an order of ±15 degrees and in a 
case of an order of 1280 x 800 (BS and a motion image output 
from large amount of pixels) , an image is reduced to field 
of view with an order of ±30 degrees. Reduction of the 

30 image permits to yield a clear image with no discernible 
pixel. 

Like the foregoing, with enlargement /reduction by way 
of the zoom system, a screen size corresponding to a number 
of pixels can be selected at will and all contents can 
35 be dealt with. 

Furthermore, the zoom system helps improve the sickness 
in VE, too. Usual content is not supposed to be output 
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as a wide f ield-of -view image, so there are many cases 
where, for an image effect purpose, pictures are taken 
while pointing a video camera at various directions or 
a zoom is overused, not fixing the video camera in use 
5 at a specific position. There is not any problem at all 
with a display device equivalent to a TV image of a regular 
10-50 inches, but it is likely that a screen of 60 degrees 
and over (equivalent to 100 inches) causes a self movement 
perception syndrome (an illusion as if he/she moves around 

10 is created and affects a sense of balance . A picture image 
that feeds information to field of view of a wide range 
affects the sense of balance and a mismatch between visual 
information and somatosensory information due to the 
picture image can provoke discomfort and a feeling of 

15 illness or sickness.) 

But, a wide f ield-of -view image at infinity of 60 degrees 
and over of a landscape or distance captured by a fixed 
camera is close to a real image and is realism-packed, 
and yields a parallax- free natural three-dimensional sense, 

20 so that the wide f ield-of -view image is very effective 
in relaxation or to heal eyestrain. Therefore, as the 
image display device of this invention, the device is 
adjusted by the zoom system corresponding to not only a 
resolution of content but also content of an image and 

25 thereby information of a pleasing image can be obtained. 
Thus, it is desirable that the zoom system include a zoom 
system of about 2 X and over covering from the wide 
f ield-of-view image at infinity of 60 degrees and over 
(equivalent to 100 inches) to an image of 30 degrees and 

30 below (equivalent to 50 inches) hard to cause the self 
movement perception . 

It is needless to say that this optical system is 
applicable to the two-pair system employed as the 
twin-optical system as described previously. 

35 When the twin-optical system is adopted, GRB three-piece 
LCD module 142 may be arranged respectively for each optical 
system, but GRB three-piece LCD module 142 may be used 
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as a common module for right and left eyes. In this case, 
this can be achieved by splitting light flux emitted from 
GRB three-piece LCD module 142 into a plurality of light 
flux with a splitting optical element and distributing 
5 split flux to each optical system for the right and left 
eyes. Well, as an image reflected by the half mirror or 
the polarizedbeam splitter has its right and left reversed, 
in this case, it is good to reflect reflected light flux 
again and arrange a reflection optical element letting 

10 the light flux enter one of the twin-optical systems in 
an optical path. It is preferable that an optical system 
be configured so as to form the intermediate image on LCD 
conjugate surface (f) temporarily in order to relay an 
image from GRB three-piece LCD module 142 to the optical 

15 system as shown in FIG. 48 after splitting light flux. 

In the image display device of the embodiment of this 
invention as described above, the image display device 
has the optoelectric element that outputs image data and 
projects an output image output from the optoelectric 

20 element on a retina of an eyeball via at least two reflection 
surfaces of the curved surface, the first reflection 
surface of the curved surface deflecting flux before 
entering an eyeball is the first elliptic mirror of which 
the first focus point is in proximity to a crystal ball 

25 of an eyeball and the second focus point of the first 
elliptic mirror is configured so as to exist between the 
first elliptic mirror and the second reflection surface 
of the curved surface, so that a wide f ield-of -view image 
can be transmitted to an eyeball efficiently. 

30 Furthermore, when the second reflection surface of the 
curved surface is the second elliptic mirror and an image 
on the optoelectric element is projected on the retina 
of the eyeball with a correction optical system including 
the second elliptic mirror, large distortion can be 

35 corrected and a faithful display image can be viewed. 

Let a reflection surface be the second elliptic mirror, 
and the second focus point of the first elliptic mirror 
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and the first focus point of the second elliptic mirror 
are made substantially in alignment, and the first and 
second focus points of the first elliptic mirror and the 
first and second focus points of the second elliptic mirror 
5 are arranged so as to line substantially in a straight 
line . With this arrangement, image information having the 
wide f ield-of-view to be projected to the first focus point 
from the second focus point of the second elliptic mirror 
is projected to the first focus point from the second focus 

10 point of the first elliptic mirror and a second focus image 
of the second elliptic mirror can be exactly reproduced 
at a portion of the first focus point of the first elliptic 
mirror. Furthermore, it becomes possible to obtain a much 
more faithful image if curvatures of the first and second 

15 elliptic mirrors are made substantially equal. 

Furthermore, it is preferable that a flat surface passing 
through a center of a line linking the first and second 
focus points of the first elliptic mirror and being 
orthogonal to the line and the reflection surface 

20 deflecting light flux of the first elliptic mirror be 

configured to intersect, and a flat surface passing through 

a center of a line linking the first and second focus points 

of the second elliptic mirror and being orthogonal to the 

line and the reflection surface deflecting light flux of 

25 the second elliptic mirror be configured to intersect, 

« 

too and a f isheye-type optical system be arranged between 
the second elliptic mirror and the optoelectric element 
and an image on the optoelectric element be caused to be 
pro j ected on the retina inside at least one of the eyeballs . 

30 With this arrangement, a flat surface image on the 

optoelectric element can be converted to a wide image with 
the f isheye-type optical system in a reverse to what the 
fisheye-type optical system projects the wide image on 
means for receiving light with a flat surface and also 

35 information of the wide image is enabled to be formed on 
the retina inside at least one of the eyeballs without 
distortion byway of the elliptic mirror of a wide reflection 
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surface such that the wide reflection surface intersects 
with the orthogonal flat surface passing through centers 
of each focus points. To get a total 120 degrees of 60 
degrees as a fixed viewing angle and respective 30 degrees 
5 of an viewing angle for the right and left eyes corresponding 
to the laterally moving eyeball, a configuration in such 
a way that the orthogonal flat surface passing through 
the center of the line linking the first and second focus 
points intersects with the reflection surface deflecting 

10 light flux of each elliptic mirror is requisite. 

Also, in the fisheye-type optical system, as the image 
on the optoelectric element is configured to be projected 
on the retina inside at least one of the eyeballs without 
vignetting overly by supplying light flux including image 

15 data to an image detection area of the retina due to a 
crystal ball movement corresponding to a turn of the eyeball , 
a sufficient field of view can be provided even when the 
eyeball moves laterally in order for the eye to broaden 
field of view as shown in FIG. 5. This lateral eyeball 

20 movement is a very important evasive action against 

tiredness being felt when the human eyes continuously 
performs a single action and then a function of the eye 
is getting unable to follow gradually, and the embodiment 
of this invention that provides a field of view when the 

25 evasive action of the lateral eyeball movement starts plays 
an important role in order not to cause a user tiredness. 

As for its method, in order to reduce an out-of-focus 
area produced by spherical aberration, an aperture in 
proximity to the pupil is made small and thereby the first 

30 fisheye-type optical system projects an image on a first 
element of receiving light with small N.A. The second 
fisheye-type optical system, on the other hand, uses 
distortion characteristics similar to those of the first 
fisheye-type optical system, but the aperture in proximity 

35 to the pupil is made large in comparison with the one of 
the first fisheye-type optical system. This arrangement 
provides a sufficient field of view even when the eyeball 
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moves laterally for broadening the field of view. This 
is configured such that light flux can reach the crystal 
ball at the time of the eyeball lateral movement because 
the crystal ball of the human eye acts as the small aperture . 
5 The embodiment of this invention enables to provide 
various configurations such that the image display device 
is arranged to at least one of the right and left eyes 
or an arrangement position is adjustable corresponding 
to a space between eyeballs by arranging the display device 

10 separately to the right and left eyes, so that a variety 
of utilization corresponding to usage is conceivable. 

Furthermore, the optoelectric element that adopts the 
liquid crystal display device of emitting light in a 
two-dimensional way perpendicular to a direction of light 

15 flux enables to provide image information more faithful 
to a real field of view with a precise resolution and low 
energy consumption. The optoelectric element of this 
invention is not limited to this embodiment and when an 
optoelectric element is an element of emitting light in 

20 a two-dimensional way, every other optoelectric element 
is usable. 

In another embodiment of this invention different from 
the foregoing embodiment, there is provided a first 
fisheye-type optical system to project a predetermined 

25 wide image on a first optoelectric element of receiving 
light in a two-dimensional way perpendicular to a direction 
of light flux and image data received by the first 
optoelectric element of receiving light in a 
two-dimensional way is output from a second optoelectric 

30 element of emitting light in a two-dimensional way 

perpendicular to the direction of light flux and the image 
output from the second optoelectric element is caused to 
be pro j ected on the retina via s second fisheye-type optical 
system and a reflection surface with a shape of a curved 

35 surface. 

In this embodiment, as the fisheye-type optical system 
projects a wide image on the element of receiving light 
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with a flat surface, the first optoelectric element of 
receiving light in the two-dimensional way captures the 
image as image information, and the image information is 
output from the second optoelectric element of emitting 
5 light in the two-dimensional way and then a flat image 
on the optoelectric element is converted to a wide image 
through a reverse correction by reversely using a 
fisheye-type optical system of the same characteristics 
this time. That is, these fisheye-type optical systems 
10 may form a flat image while producing large distortion 
and distortion of the flat image is completely corrected 
at an exiting section of the second fisheye-type optical 
system, and the flat image can be made into a faithful 
wide image. 

15 And there is production error among the first and second 
optoelectric elements or among the first and second 
fisheye-type optical systems or when a device/element of 
a different performance is used, it can be said that 
distortion is present to some degree. In such the case, 

20 more faithful image information can be obtained by 
controlling so as to digitally correct the image 
information captured by the first optoelectric element 
based upon the distortion error and output the image 
information from the second optoelectric element. 

25 Furthermore, it is preferable that the reflection surface 
with a shape of the curved surface be formed by an elliptic 
mirror of at least two surfaces and one of two respective 
focus points of the two elliptic mirrors be arranged 
substantially at the same position as that of another of 

30 respective two focus points and thereby all focus points 
be arranged to line substantially in a straight line. A 
reason of this is not to distort an image until the image 
is projected on the retina of the eyeball even when image 
information emitted from the second fisheye-type optical 

35 system completely restores information of the wide image 
by the foregoing method. Distortion of image information 
projected from the second focus point to the first focus 
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point of the second elliptic mirror is completely restored 
by tracing back the same optical path during the image 
information is projected from the second focus point to 
the first focus point of the first elliptic mirror. 
Therefore, it becomes possible to completely restore the 
second focus-point image of the second elliptic mirror 
at a portion of the first focus point of the first elliptic 
mirror. Furthermore, when curvatures of the first and 
second elliptic mirrors are made approximately equal, a 
more perfect projection image can be obtainable. 

It is preferable that a pair of the image display device 
be arranged for the right and left eyes and a space between 
a pair of the first fisheye-type optical systems and a 
space between eyeballs be arranged so as to be equal, and 
a space between both of the image display device be made 
adjustable so as to be in agreement with a space between 
left and right eyes. This arrangement is effective to 
obtain a three-dimensional image faithful to a real image 
with the same fieldofview created by making a space between 
input sections of image information equal to a space between 
both eyes . Also, a more powerful three-dimensional image 
can be obtained with an intentional change of this space. 
This becomes effective when this image display device is 
used in a video game and the like. 

As for another example, the reflection surface with the 
curved surface is formed of at least two f0-type mirrors 
and a focus point of one of the f9-type mirrors is arranged 
in proximity to the crystal ball of the eyeball, and another 
focus point thereof is arranged in proximity to the second 
fisheye-type optical system. With this arrangement, the 
second fisheye-type optical system and the second 
optoelectric element are prevented from protruding in a 
case where the foregoing elliptic mirror is used and the 
image display device is configured to extend toward the 
ear as the wearable unit. But, with this arrangement, 
field of view on outer edges is likely to get vignetted 
and thus it is preferable that this arrangement be subject 
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to change depending upon usage. 

Furthermore, it is preferable that the second 
fisheye-type optical system be configured such that the 
image on the optoelectric element is pro j ected on the retina 
5 inside at least one of the eyeballs without vignetting 
the image overly by supplying light flux including image 
data to the image detection area of the retina due to the 
crystal ball movement corresponding to the turn of the 
eyeball. This configuration enables to provide a 

10 sufficient field of view even when the eyeball is laterally 
moving for broadening field of view as described above 
(please refer to FIG. 5). This lateral brisk eyeball 
movement is a very important action in an evasive action 
to tiredness being felt when the human eye performs a single 

15 action continuously and the function of human eyes is 
getting unable to follow gradually, and the embodiment 
of this invention that provides a field of view at the 
start-up the evasive action of the swift moving eyeball 
plays an important role in order not to cause a user 

20 tiredness. And, a reason why the image display device is 
configured to be arranged to at least one of the right 
and left eyes or a arrangement position is configured to 
be adjustable corresponding to a space between eyeballs 
by arranging the image display device separately with 

25 respect to the right and left eyes is that a variety of 
utilization corresponding to various uses is conceivable. 
Furthermore, a reason why the optoelectric element adopts 
the liquid crystal display device of emitting light in 
the two-dimensional way perpendicular to the direction 

30 of light flux and the first optoelectric element 

incorporates the CCD array sensor of receiving light in 
the two-dimensional way perpendicular to the direction 
of light flux is that image information more faithful to 
a real field of view can be provided with a precise 

35 resolution and low energy consumption. Certainly, this 
invention is not limited to this embodiment and when an 
optoelectric element is a type of emitting light in the 
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two-dimensional way and receiving light, every other 
optoelectric element is applicable. In this 
specifications and its claims, a so-called type of emitting 
light refers to everything including a liquid crystal 
5 display (LCD) using a Halogen lamp and LED ( light emitting 
diode) as a back light even if the LCD does not emit light 
by itself and a reflection-type liquid crystal display 
(LCOS) inclusive of a liquid crystal display having the 
diffusion glass arranged on its back and emitting light 

10 by way of ambient light . 

Furthermore, in another embodiment different from the 
foregoing embodiment, a predetermined wide image is 
projected on the first optoelectric element of a spherical 
surface for receiving light in the two-dimensional way 

15 perpendicular to a direction of light flux and image data 
received by the first optoelectric element of receiving 
light is output from the second optoelectric element of 
a spherical surface for emitting light in the 
two-dimensional way perpendicular to the direction of 

20 light flux and the image output from the second optoelectric 
element is caused to be projected on the retina via the 
reflection surface with the curved surface . Moreover, the 
first optoelectric element has an opening on its spherical 
surface, wherein a positive lens is arranged at the opening 

25 section and a plurality of CCD two-dimensional array 

sensors are arranged on an inside wall of the spherical 
surface, and the second optoelectric element has an opening 
on the spherical surface, wherein a positive lens is 
configured to be arranged on the opening section and a 

30 plurality of liquid crystal devices are configured to be 
arranged on an inside wall of the spherical surface. With 
this arrangement, image information of a wide image can 
be sent directly to the retina inside at least one of 
eyeballs without converting the wide image to flat image 

35 information. 

Furthermore, in another embodiment different frcpm the 
foregoing embodiment, another embodiment includes a first 
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f isheye-type optical system that projects a predetermined 
wide image on the first optoelectric element of receiving 
light in the two-dimensional way perpendicular to a 
direction of light flux, and a control system that outputs 
5 image data received by the first optoelectric element of 
receiving light from a second optoelectric element of 
emitting light in a two-dimensional way perpendicular to 
the direction of light flux and implements a desired control 
when projecting the output image output from the second 

10 optoelectric element on a retina inside at least one of 
eyeballs via a second fisheye-type optical system. With 
this arrangement, a view can be secured by viewing the 
wide image digitally and this embodiment has no 
inconvenience that a conventional image display device 

15 wearing on both eyes blocks the view completely. 

Furthermore, in another embodiment, another embodiment 
is configured to include the control system that implements 
the desired control when pro j ecting the predetermined wide 
image on the retina inside the eyeball so as to include 

20 at least one of a focus adjustment system for focusing 
on the predetermined wide image or a control system for 
controlling an output area of the wide image at will. With 
this configuration, this invention permits a user usually 
wearing glasses to view image information without glasses . 

25 Moreover, a necessary part of information of the wide image 
can be viewed as a wide image by digitally enlarging the 
necessary part only and thereby this acts as a magnifier 
for a user with poor eyesight. Furthermore, as for an 
observer that views an ordinal image distortedly due to 

30 an eye disease, a normal image can be provided by correcting 
an output image in correspondence to the distortion. 

Furthermore, when the control system is configured to 
include an image composite function that composite first 
image information input from an external rather than the 

35 image display device with second image information input 
from the first optoelectric element and outputs a composite 
image from the second optoelectric element, a high-vision 
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screen of a wide screen, a video image thereof, a DVD image 
thereof, a personal computer display screen thereof and 
the like can be displayed anywhere as needed while viewing 
the wide image. Moreover, as the wide image can be 
5 displayed, if a screen of a newspaper size or a magazine 
size is composited, a virtual newspaper and magazine 
floating in an air can be read while paying attention to 
surroundings . 

The first image information is configured to be corrected 

10 in such a way that the image is similarly distorted based 
upon information of distortion produced by the first 
fisheye-type optical system and be composited with the 
second image information, and output. According to this 
configuration, as shown in FIG. 12, let (a) be any wide 

15 image 200 and (b) be external image information 201, an 
image to be output from the second optoelectric element 
includes information distortion produced by the first 
fisheye-type optical system and as shown in (c) , image 
information is compressed on edges. Then, external image 

20 information 201 is composited with reverse correction on 
the viewing condition by way of the first fisheye-type 
optical system as shown in (c) and information of a faithful 
image is provided by restoring the information as a 
projection image with no distortion like an image of (d) 

25 on the retina of then eyeball. 

Moreover, a video image input device that supplies one 
of the first image information as the video image output 
information is fixed onto the image display device and 
is configured to be detachable as needed. With this 

30 configuration, the image display device of this invention 
can be used in place of the conventional video camera. 
With the conventional video camera, a target object or 
a target subject person can be viewed only through an image 
display panel of the video camera or an optical viewf inder 

35 system. Thus, the target is lost sight of at boosting the 
magnification of the video camera or it is difficult to 
anticipate when an obstacle blocks the subject. 
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However, according to the embodiment of this invention, 
as shown in FIG. 11, by attaching the video camera on a 
side of the image display device of this invention, both 
of the image of the wide image and the composite image 
5 can be viewed on the same screen by compositing a part 
of image information of the video camera and a part of 
the image of the wide image while viewing the image of 
the wide image inclusive of the object. Furthermore, an 
obstacle and the like can be checked with image information 

10 of the wide image and the video camera can be detached 
from the image display device such that the image display 
device is not blocked, and then an enlargement image can 
be shot at a position where there is no obstacle or at 
a time of people congestion, an image at any location can 

15 be surely captured by raising a hand-held video camera 
only. Of course, the control system can change a 
proportion of the image of the wide image and the image 
from the video camera at will and, by storing image 
information of both images as image data, the proportion 

20 thereof can be changed at will when playing back the image 
data . 

Furthermore, one of the first image information is made 
into image information output from a computer and another 
is made into information input into a computer keyboard. 

25 These are used as shown in FIG. 13, but a composite of image 
information is described in FIG. 14. In FIG. 14, it is 
necessary to display a composite portion by compositing 
processing portion 203 requiring a high resolution of a 
computer as shown in (c) , tool bar portion 204 displayed 

30 on edges on a computer screen as shown in (a) and portion 
205 displaying information input into the keyboard as shown 
in (d) into wide image 200 as shown in (b) . 

As described above, the image output from the second 
optoelectric element includes distortion produced by the 

35 first fisheye-type optical system and as shown in (e) , 
its image information is compressed at edge portions . Thus , 
external image information 204 and 205 are converted in 
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such a way that a reverse correction is performed on 
distortion produced by the second fisheye-type optical 
system as shown in (e) and by compositing the converted 
image information with wide image 200 , the image output 
5 from the second optoelectric element provides information 
of a faithful image that is restored as a distortion-free 
projection image like an image of (f) on the retina of 
the eyeball. 

Furthermore, the first image information is information 

10 input into a portable keyboard by a hand and the information 
input the portable keyboard is made into image information 
by detecting information of an electromagnetic element 
attached at a thumb with an electromagnetic detection 
sensor and converting the information into information 

15 of distance/direction of the thumb and another fingers 
and the image information representing a hand movement 
can be displayed at portion (d) of FIG. 14 as it is. In 
portion (d) , an image of a virtual keyboard is displayed 
and when the thumb is fixed at any position and another 

20 fingers move at any position, this information is converted 
into two-dimensional location information inclusive of 
up/down/right /left directions including the distance and 
direction and as image information, each finger moves on 
the virtual keyboard and a key on the keyboard is lit up. 

25 Thus, with this arrangement, it becomes possible to select 
a key on the keyboard correctly while checking an image. 

The information input into the portable keyboard is made 
into the image information by detecting information of 
a finger pressure of each finger against an object with 

30 a pressure detection sensor arranged at each finger and 
converting the information of the finger pressure of each 
finger as recognizable image information, so it can be 
checked whether or not the lit-up key is typed or whether 
or not data is correctly inputted as image information, 

35 for example, by changing a lit-up color and the like. 

Herein, as an example, a display method of using the lit-up 
key or via changing color is introduced, but this invention 
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is not limited to this embodiment, but is applicable to 
a wide variety of applications. 

Furthermore, one of the first image information is 
configured to be image information by converting a voice 
5 sound or a non-voice sound input from a microphone or a 
headphone into a character. This is because the control 
system has a function that converts the sound into text 
information. Especially, when both ears are blocked by 
the headphone and the like, a noise becomes small and as 

10 the control system can convert even the non- voice sound 
into the sound voice by vibrating a vibration paper of 
the headphone , even if information is input j ust in a whisper, 
the information can be converted into the image information 
' as the text information. Moreover, when the image display 

15 device includes a mail function/telephone function in the 
personal computer, the text information can be input and 
the information can be transmitted at a high speed. 

As for another configuration, the second optoelectric 
element and the second fisheye-type optical system are 

20 configured to be arranged separately with regard to right 
and left eyeballs whereas the first optoelectric element 
and the first f isheye-type optical system are configured 
to be in common with right and left eyeballs and a position 
of information input into the first optoelectric element 

25 is converted in correspondence to width of both eyeballs 
and then, the information is configured to be output as 
separate information in correspondence to the second 
optoelectric element of the right and left eyeballs. As 
shown in FIG. 10, field of view seen with both eyes is 

30 different in f ield-of -view area by a degree at which the 
eyes are apart from one another. If the information of 
the first optoelectric element in common is given to 6L 
and 6R of the second optoelectric elements (the liquid 
crystal two-dimensional output device) for right and left 

35 eyes without correcting the information, an image looks 
dual . In order to display this dual image as a single image, 
a faithful projection image can be obtained by way of the 
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foregoing method. 

Like the foregoing, this invention can capture the wide 
image as image information and thus can provide a 
full-fledged wearable information input/output device 
5 exceeding the conventional wearable image display device 
or wearable computer with conceivable various combinations 
using the captured wide image. Moreover, this invention 
enables sales of a tuned-in video game software, a wide 
image high-vision image, wide image DVD and wide image 

10 video cassette tape that effectively use the image of the 
wide image and furthermore, a full-fledged system of a 
genuine virtual reality can be provided. 

Also, in order to provide the foregoing products, image 
information input device 35, three-dimensional image input 

15 device 36, high magnification image input device 37 and 
the like as shown in FIG. 15 are detached from this image 
display device and re-combination thereof can lead to 
diversification of usage and utilization, and let the 
foregoing input devices be an Infrared, violet and nuclear 

20 radiation detection devices, this invention can further 
develop into usage at a nighttime or hazard areas, too. 

This invention can provide the image display device as 
a system free from sense of discomfort produced by a weight 
and wearing with direct attachment of this image display 

25 device to a seat in a movie theater or aircraft, a chair 
for relaxation, a bed for caring a bed-ridden senior and 
the like, not to mention a supporting method of a 
glasses-type image display device and a head-mounted image 
display device. 

30 A more specific method of releasing the sense of 

discomfort due to the weight and wearing other than the 
foregoing provides a supporting stand that independently 
supports the image display device and arranges the image 
display device at a front end of an arm member having a 

35 three-dimensionally movable articular structure. The 
arm member has a weight member in a direction opposite 
the image display device at a centre of the supporting 
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stand, so that the weight of the image display device can 
be cancelled out. Furthermore, a light-tight cover of a 
fabric material that blocks a light leakage from an external 
is provided on the image display device and forming of 
5 a negative pressure inside the cover (a slight pressure 
against an external pressure) further enables to provide 
a comfortable structure that follows a face movement, but 
does not give a user any sense of a weight and causes the 
user to forget a sense of wearing by softly fitting across 

10 the face. Adoption of this structure enables to circulate 
an air inside a wearing section and prevent moisture inside . 
If the cover completely blocks the light from the external, 
however, it becomes difficult to eat, drink etc while 
wearing this image display device. Thus, it is preferable 

15 that information of the external be able to be obtained 
from a lower direction of the image display device. When 
the lower portion thereof is kept open, but, it is likely 
that clearness of an image is lost due to a ray of light 
leaked from the lower portion thereof. 

20 Then, the amount of the light leakage from the external 
is suppressed by providing a filter that has almost no 
effect on clearness of the image display device in this 
lower portion and the inside negative pressure is kept 
and a way for obtaining external information is devised, 

25 and with the foregoing, a more comfortable system can be 
provided. 

Moreover, as for a device of this invention to input the 
external information, regardless of a wire or wireless, 
any device is usable to all usage. 

30 In the embodiments of this invention, it is assumed that 
the reflection surface with the curved surface is something 
like a reflection surface coated by a metal film. An 
internal surface of a transparent glass member or a plastic 
member may be used as the reflection surface, but it is 

35 not preferable to use a member of an optical refracting 
power as the reflection surface with the curved surface 
because the member of the optical refracting power causes 
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a color dispersion at an entrance position and an exit 
position from an air. However, when two reflection 
surfaces of the same curved surface are used symmetrically 
with respect to a line or a point, even the color dispersion 
5 can be corrected if the entrance and exit positions from 
the air are arranged at the symmetric positions. As a 
refractive index of the transparent glass member or plastic 
member is larger than that of an air, incident light flux 
at a large angle reaches the reflection surface of the 

10 curved surface at a further small angle. Thus, an 

advantage that a shape of the curved surface can be easily 
fabricated is noted. When this advantage is used, the 
structure becomes further simpler if the two reflection 
surfaces of the same curved surface are fabricated with 

15 integrated transparent glass or plastic members. 

The embodiment of this invention uses two reflection 
surfaces of the same curved surface, but may combine more 
than two elements to relay. These can be considered within 
freedom of designing. 

20 Light flux of the fisheye-type optical system of the 
reflection surface with the curved surface proposed in 
FIGS . 22 and 23 is efficiently supplied to the optical system 
(as shown in FIG.l or 2) of two reflection surfaces and 
is efficiently transmitted/supplied up to a user' s pupil 

25 while eliminating effects of distortion and so, which is 
within a scope of this invention, and further it is possible 
to arrange another optical system on the exit side of the 
optical system of two reflection surfaces and it is obvious 
that enhancement of freedom of designing is also within 

30 the scope of this invention. 

Furthermore, by way of the diffusion glass supported on 
a polyester film coated by metal oxide and metallic carbide 
as described above, it becomes possible to provide a 
head-mounted image display device full of realism in 

35 correspondence to the laterally moving eyeball even by 
projecting the image on the diffusion glass with the 
fisheye-type optical system projecting a picture image 
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from the liquid crystal device of outputting in the 
two-dimensional way . 

In the image display device of the embodiment of this 
invention, wherein the image display device has the control 
5 device that controls the image output from the first 
optoelectric element formed by projecting/forming light 
emitted from the first optoelectric element of emitting 
light in the two-dimensional way at right angles to the 
direction of emitting light flux on the retina of the eyeball 

10 via the first fisheye-type optical system and the relay 
optical system, and the control device includes at least 
one of the focus adjustment device to focus on the 
predetermined wide image or the control device to control 
the output area of the wide image at will and thus due 

15 to the viewing angle of the wide image of 60 degrees and 
over, this invention can provide the image display device 
full of realism and further capable of projecting a picture 
image with a image display method suitable to content of 
an image. With this arrangement, this invention permits 

20 even a glass wearer who usually wears glasses to view image 
information without using glasses . Moreover, a necessary 
part of wide image information can be viewed as a wide 
image by digitally enlarging the part only and thereby 
it acts as a magnifier to a user with poor eyesight. 

25 Also, in this image display device, the image display 
device further has the image composite device that 
composites the first image information and the second image 
information different from the first image information 
and outputs the composite image information from the first 

30 optoelectric element, so it becomes possible to display 
a high-vision image, video image, DVD image, personal 
computer display image and the like anywhere while viewing 
a wide image. Moreover, as a wide image is displayable, 
a virtual newspaper and magazine floating in an air while 

35 paying attention to surroundings can be read by compositing 
screens of a newspaper size or a magazine size. 

Also, as the control device of the foregoing image display 
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device has the function that optically composites the first 
image information output from the first optoelectric 
element and the second image information output from the 
second optoelectric element and pro j ects /forms the 
5 composite image on the retina of the eyeball, it becomes 
possible to alleviate a workload against image processing 
of an image processing device that outputs image 
information to the first optoelectric element . Moreover, 
with production of reverse distortion by the optical system 

10 between the second optoelectric element and the control 
device to reduce distortion produced by the first 
fisheye-type optical system, image deterioration due to 
a distortion correction is reduced. 

Also, with arrangement of the control device of the 

15 foregoing at a fixed place along with the image processing 
device and transmission of information to the image display 
device via a wireless (Infrared, radio etc), a wearable 
capability of the image display device can be enhanced. 
Furthermore, when displaying at least one of the first 

20 image information or the second image information on the 
optoelectric element, a number of optical members can be 
reduced by displaying a reverse- distorted display image 
against distortion produced by the first fisheye-type 
optical system by way of the optoelectric element so that 

25 the image display device can be made lightweight. 

Furthermore, at least one of the first image information 
or the second image information is a video image or 
information output from DVD or image information output 
from a computer or information input to a keyboard, which 

30 thereby makes it possible to project desired information 
corresponding to a life style. 

• The desired information is information input to a 
portable keyboard attached to a hand and adoption of the 
portable keyboard as a keyboard to be attached to the image 
35 display device of this invention enables to input the 
information regardless of a usage situation. 

Moreover, it is preferable that the portable keyboard 
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permits various information to be entered in such a way 
that information of an electromagnetic element arranged 
at a thumb is detected with electromagnetic detection 
sensor and the information is converted into information 
5 of a distance/direction of the thumb and another fingers . 
Also, as for other method of inputting information, 
information of a finger pressure each finger may be 
converted into recognizable information as an image by 
detecting information of the finger pressure of each finger 

10 against an object with a pressure detection sensor arranged 
at each finger. 

Also, one of the first image information or the second 
image information may make image information by converting 
a voice sound or a non-voice sound input from a microphone 

15 or a headphone into a character. 

As the foregoing input method has been described so far, 
their explanations will be omitted here. 

The image display device as described above is made up 
of two image display devices that are arranged separately 

20 to the right and left eyes respectively and a space between 
the two image display devices may be configured to be 
adjustable corresponding to a space between eyeballs so 
as to make the space between the first f isheye-type optical 
systems of the two image display devices and the space 

25 between eyeballs equal. In this case, when each component 
of the image display device is incorporated into a single 
box-chassis and is movable in the box chassis, it becomes 
possible to project a picture image emitted from the first 
optoelectric element at the almost same space as the one 

30 between right and left eyes . 

The image display device is made of a single image display 
device only and a space between projection images of the 
first fisheye-type optical systems may be adjustable 
corresponding to a space between right and left eyes such 

35 that light flux from the first optoelectric element is 
split to respective right and left eyeballs by the optical 
member and a space between the first fisheye-type optical 
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systems arranged separately to the respective split light 
flux and a space between the eyeballs are made equal. As 
light flux from the first optoelectric element is split 
into a plurality of light flux by the half mirror or the 
5 polarizing beam splitter, the single first optoelectric 
element makes it possible to project a picture image having 
a wide viewing angle for both right and left eyes. 

The image display device includes the light diffusion 
member for diffusing light that is arranged on the 

10 image-forming surface arranged on the optical path of the 
optoelectric element for outputting the image data and 
the crystal ball, wherein an optical system of at least 
a part of the first fisheye-type optical system may form 
an image of an object on the retina by converging diffused 

15 transmitted light in proximity to the crystal ball. With 
this configuration, the image display device projects the 
intermediate image on the light diffusion member 
temporarily and can eliminate an existing effect of an 
exit pupil of the optical system until the image is projected 

20 on the light diffusion member again by causing the image 
on the light diffusion member to be formed on the retina 
of a user by the optical system, and this invention can 
provide the image display device dealing with the lateral 
moving eye. 

25 As for the light diffusion member of diffusing light, 
the transparent diffusion member that has abrasive of metal 
oxide or metallic carbide whose diameters are precisely 
controlled in a micron grade coated on a transparent sheet 
is preferable and as for a material of abrasive, it is 

30 preferable that the material be at least one of silicon 
carbide, chromic oxide, tin oxide, titanium oxide, 
'magnesium oxide or aluminum oxide and it is preferable 
that the transparent sheet be a polyester film. 

An angle of diffusion is quite large as characteristics 

35 of such the transparent diffusion member, so it becomes 
possible to project a clear image of a wide field of view 
by introducing an image from the transparent diffusion 
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member to the crystal ball of a user's eye by way of an 
eyepiece lens of a fisheye type. 

Well, when at least a portion of the image display device 
is configured to be supported by a part rather than a user 
5 and contact a face of the user and be movable following 
a face movement, it becomes possible to alleviate a wearing 
discomfort of the user. Especially, as shown in FIGS. 40, 
41 and 42, let a XY surface be an installation surface, 
use of a supporting member that causes the image display 

10 device to be movable anywhere toward a six-axis direction 
of X direction, Y direction, Z direction, 0X direction, 
0Y direction and 0Z direction permits the image display 
device to follow naturally a movement of a user's face. 
In this case, in order to make the display device movable 

15 anywhere in the six directions, the image display device 
is supported at center of gravity of the device or in 
proximity to its center, so inertia to be produced when 
moving the image display device can be reduced and thereby 
a natural sense of wearing can be provided even if the 

20 face moves. 

More specifically, the image display device includes a 
weight to balance the image display device and the image 
display device may be yoked together with the weight by 
a flexible member. As the flexible member moves by 

25 actuating the image display device, it is advisable that 
friction of s sliding portion be reduced by way of a pulley 
at the sliding portion of the flexible member. 

The control device of controlling an output area of the 
wide image at will is an optical zoom device of a variable 

30 magnification 2 X and over and the sickness in VE can be 
reduced by controlling the output area such that an image 
composited by the first image information and the second 
image information does not overlap over a predetermined 
width depending upon a zoom status. 

35 In addition, as the control device of controlling the 
output area of the wide image includes a detection member 
that detects a moving image of a flowing landscape on an 
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observer's eye and a storage member that processes the 
image such that the image does not move during a 
predetermined period of time and stores the processed image, 
this becomes effective in reducing the sickness in VE and 
5 thereby and further realism having an impact on an observer 
does not need to be deteriorated. 

Furthermore, the control device of controlling the output 
area of the wide image includes a selection member that 
selects freely use or non-use of the detection and 

10 processing/storage members and thus this invention can 
provide an image meeting a observer's will and the 
ease-of-use image display device. 

More specifically, the detection member and the storage 
member capture image data into an internal buffer and image 

15 output from the internal buffer is divided into a marginal 
image block and a center image block, and an amount in 
a lateral shift for a predetermined period of time is 
computed and judging that the shift is attributed to a 
hand shake or a lateral movement of a screen when the edge 

20 image and center image are shifted in the same direction, 
the image is processed in a way that makes the image look 
as if the whole screen is still by shifting a whole image 
bit as the same amount as in a direction opposite a direction 
of an image movement such that the image does not move 

25 laterally for the predetermined period of time. This 
arrangement enables a reduction in the seasick in VE . 

When the forgoing is laid out, following marketability 
can be expected in a case of using this invention. 
<Wearable display (94R, 94L, 102R' and 102L' in FIG. 30) > 

30 A fail-safe home video camera that enables to take a 
picture in the same way as a user's eye sees, transmission 
of an image full of realism to a receiver who is not on 
the spot, an device capturing a three-dimensional image, 
a portable personal computer / video game (confidentiality) 

35 with a large display screen, a portable digital newspaper 
with a broad screen and a virtual reality display. 
<Fixed and remote operated type (102R and 102L in FIG. 30) > 
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Anti-crime and disaster prevention wide monitoring 
vision, a function enlarging a point of an attention, an 
animal watching that does not bother animals, a motion 
image taking, transmission of a relaxation motion image 
5 from an installation site with a good view, a broad 

monitoring vision in a space where a human being cannot 
reach, an image and a providing of a wide image such as 
a congestion status at a holiday resort and the like. 
<Floor-stand type (FIG. 31) > 

10 A large screen personal computer and CAD that do not feel 
weight and fatigue, a large scale display in place of a 
movie theater and a projection, a providing of a 3-D large 
scale image full of realism, reception of an image from 
the video system via the Internet, a providing of an image 

15 full of realism to a bed-ridden senior and patient, a 
relaxation image display unit, a providing of an all-new 
TV video game image, a providing of a large screen image 
in a small space, a virtual reality display of highly 
confidential information for private use, a remotely 

20 operable large screen display and relaxation service for 
a first-class customer on board a aircraft with a reception 
system of a digital newspaper having a large screen. 

Finally, comparison of the embodiments of this invention 
with conventional products on the market will be made in 

25 FIG. 49. From a table shown in the diagram, it can be seen 
that this invention has a high capabilities of implementing 
an excellent performance on every item except for a 
limitation to "use in common". 

In the embodiments of this invention, specific 

30 combinations of elements constituting this invention have 
been cited herein, but any combination of the elements 
is possible as needed and is included in this invention 
and, more specifically, it is needless to say that claims 
of this invention can tell what kind combination thereof 

35 is included in this invention. 



